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ANHYDROUS  METANIOBATES  AND  MET  AT  ANT  ALATES  OF  THE  ALKALI  METALS 


I  .  METANIOBATES  OF  THE  ALKALI  METALS 

M.  A,  PcBelkina  and  A,  V.  Lapitsky 


The  literature  contains  information  about  the  preparation  of  lithium  metaniobate  [1],  sodium  metaniobate  [2], 
and  potassium  metaniobate  [3],  There  are  no  data  for  the  preparation  of  rubidium  and  cesium  metaniobates. 

Our  objective  was  the  preparation  of  rubidium  and  cesium  metaniobates  and  a  study  of  some  properties  of  the 
metaniobates  of  the  alkali  metals. 


EXPERIMENTAL 

Starting  Substances 

Niobium  pentoxide.  The  starting  raw  material  for  preparation  of  pure  niobium  pentoxide  was  the  technical 
mixture  known  as  "tantalum -niobium  residue"  containing  the  two  elements  in  approximately  1:1  ratio.  The  principle 
extraneous  substances  present  were  oxides  of  iron,  tin  and  silicon.  The  titanium  content  was  negligible.  For  the  prep¬ 
aration  of  pure  niobium  pentoxide,  a  certain  amount  of  "residue"  was  mixed  with  3  times  its  weight  of  10®^  NajCO^ 
and  90*70  NaOH  and  sintered  at  700*  in  a  silver  dish.  After  cooling,  the  sintered  mass  was  extracted  from  the 
beaker,  pulverized  in  a  porcelain  mortar,  transferred  to  a  beaker  and  treated  with  distilled  water.  During  the  leach¬ 
ing  process  the  tin  and  silicon  went  into  solution  in  the  form  of  sodium  stannate  and  silicate,  while  the  sodium  niobate 
and  trntr  ’ate  (insoluble  in  presence  of  excess  of  alkali)  remained  in  the  residue.  After  two  decantations  the  residue 
was  dissolved  in  a  large  quantity  of  hot  water  to  form  a  cloudy  solution.  The  latter  was  filtered,  and  the  filtrate  was 
evaporated  down  before  treating  twice  with  10*7’  acetic  acid  solution;  this  treatment  brought  down  a  white,  voluminous 
precipitate  of  the  hydrated  pentoxides  of  niobium  and  tantalum.  For  removal  of  the  iron  oxide,  the  precipitate  was 
washed  with  acetic  acid  solution  followed  by  5®/p  ammonium  carbonate  solution. 

Separation  of  the  niobium  from  the  tantalum  was  effected  by  dissolving  the  mixture  in  40*7}  hydrofluoric  acid. 

To  the  resultant  colorless,  transparent  solution  was  added  a  saturated  solution  of  potassium  fluoride  prepared  in  the 
amount  required  for  formation  of  the  double  fluorides. 

The  acidity  of  the  solution  was  about  2*70,  which  is  the  optimum  for  complete  separation  of  the  two  elements 
[4].  The  crystals  of  potassium  fluorotantalate  were  separated  from  the  solution  by  filtration  through  a  lead  funnel, 
and  they  were  washed  with  cold  distilled  water  for  removal  of  sodium  oxyfluoroniobate  solution.  The  wash  liquors 
were  combined  with  the  filtrate  which  contained  the  main  bulk  of  potassium  oxyfluoroniobate  ;  the  liquid  was  e- 
vaporated  to  dryness.  The  salt  in  the  dish  was  heated  to  120*  and  then  dissolved  in  water  by  heating  on  a  water  bath. 
To  the  hot  solution  was  added  0.5  ml  hydrofluoric  acid  and  2  ml  saturated  potassium  carbonate  solution.  A  neg¬ 
ligible  amount  of  the  salt,  K4Ta40^Fi4,  came  down  after  a  short  time  and  was  filtered  off.  The  above -described  op¬ 
eration  of  tantalum  separation  was  repeated  but  no  precipitate  was  formed. 

The  solution  of  potassium  oxyfluoroniobate  was  decomposed  with  concentrated  ammonium  hydroxide  solu¬ 
tion.  The  white  precipitate  of  niobium  pentoxide  was  washed  first  with  dilute  acetic  acid  solution  and  then  with 
5*7o  ammonium  carbonate  solution.  ' 

Chemical  analysis  of  the  prepared  niobium  pentoxide,  carried  out  by  the  known  methods  [5,  6,  7],  showed 
that  it  was  sufficiently  pure  and  contained  negligible  amounts  of  impurities.  A  qualitative  test  for  titanium  [8] 
gave  a  negative  result. 
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Spectrum  analysis  revealed  an  insignificant  content  of  titanium,  tantalum,  iron  and  silicon.  The  lines  of  these 
elements  were  much  less  intense  than  the  niobium  lines. 

Rubidium  and  cesium  carbonates.  We  prepared  these  from  chemically  pure  grades  of  the  corresponding  chlo¬ 
rides. 

Weighed  amounts  of  the  starting  salts  were  dissolved  in  the  minimum  amount  of  water.  The  resultant  satur¬ 
ated  solutions  were  treated  with  concentrated  nitric  acid  wjjile  heating  on  a  water  bath.  Excess  of  acid  was  taken. 

The  end  of  the  operation  was  indicated  by  the  absence  of  chlorine  in  a  check  sample.  The  solutions  of  rubidium  and 
cesium  nitrates  were  treated  with  small  portions  of  dry  oxalic  acid  until  oxides  of  nitrogen  ceased  to  come  off.  The 
oxalates  formed  in  this  stage  were  heated  in  platinum  dishes,  gently  at  first  and  then  strongly  until  completely  conver¬ 
ted  into  carbonates. 

Preparation  of  Anhydrous  Rubidium  and  Cesium  Metaniobates. 

Niobium  pentoxide,  previously  calcined  at  800*  was  thoroughly  pulverized  in  an  agate  mortar  and  mixed  with 
equimolar  amounts  of  mbidium  and  cesium  carbonates.  The  mixtures  were  transferred  to  platinum  crucibles  and 
heated  at  800*  for  4  hours.  This  period  was  required  for  completion  of  the  reaction,  as  was  indicated  by  the  attain¬ 
ment  of  constant  weight. 

The  prepared  rubidium  and  cesium  metaniobates  were  removed  from  their  cmcibles  and  treated  with  dilute 
hydrochloric  acid  for  removal  of  any  excess  of  the  corresponding  carbonate  which  had  not  reacted;  the  salts  were 
then  washed  with  water,  dried,  and  calcined. 

Both  salts  were  analyzed  for  their  content  of  niobium  pentoxide  and  metallic  oxide.  A  weighed  amount  of  the 
salt  was  fused  in  porcelain  crucibles  with  a  tenfold  amount  of  ammonium  hydrosulfate.  The  transparent  melts,  after 
cooling,  were  treated  with  saturated  ammonium  carbonate  solution.  The  contents  of  the  beakers  were  heated  on  a 
water  bath  for  an  hour.  The  flocculent  precipitates  of  niobium  pentoxide  were  transferred  to  a  filter  and  washed  with 
5^  ammonium  carbonate  solution;  after  drying,  the  filters  were  ashed  and  the  precipitates  calcined  to  constant 
weight  at  800*.  The  final  weights  gave  the  content  of  niobium  pentoxide. 

The  filtrates  contained,  apart  from  rubidium  (cesium)  sulfate,  considerable  amounts  of  ammonium  pyrosulfate 
and  ammonium  sulfate.  The  solutions  were  slowly  evaported  to  dryness  on  a  water  bath  and  then  cautiously  heated 
at  a  slightly  higher  termperature  for  removal  of  traces  of  water.  After  final  dehydration,  the  sulfates  were  calcined ; 
in  this  operation,  as  Spitsyn  has  shown  [9],  mbidium  and  cesium  sulfates  are  fairly  stable  up  to  800*  whereas  ammonium 
sulfate  decomposes  at  a  little  above  350*.  On  attainment  of  constant  weight,  the  rubidium  and  cesium  were  found  in 
the  form  of  sulfates. 

Below  are  set  forth  the  results  of  analyses  of  mbidium  and  cesium  metaniobates. 

Analysis  of  mbidium  metaniobate. 

Weights  ofsamplesO.2008  and  0.2028  g. 

Found  *70;  NbiO^  58.55,58.86;  Rb^O  41.40,4132.  RbNbO,.  Calculated  “T-.  Nb^Os  58.85;  Rb^O  41.15. 

Analysis  of  cesium  metaniobate. 

Weights  of  samples  0.2018  and  0.2036  g. 

Found ‘7'.  NbjO^  48,72,  48  34 ;  Cs,0  50.95,50.82.  CsHbO^.  Calculated  *7<>  NbiOj  48.53;  Cs  51.47. 

The  analytical  data  justify  the  conclusion  that  the  prepared  compounds  are  actually  rubidium  metaniobate  and 
cesium  metaniobate. 

For  the  purpose  of  studying  some  of  the  properties  of  alkali  metal  metaniobates,  we  also  prepared  the  metanio¬ 
bates  of  lithium,  sodium  and  potassium  by  the  previously  described  methods  [1,  10,  11].  Analytical  results  are  set 
forth  below. 

Analysis  of  lithium  metaniobate. 

Weights  of  samples  0.2012  and  0.1930  g. 

Found ‘7'.  Nb^O^  90.10,  90.18;  LijO  10.00,9,96.  LiNbC^.  Calculated ‘7o:  Nb,Os  89.90;  LijO  10.10. 

Analysis  of  sodium  metaniobate. 

Weights  of  samples  0.2010  and  0.1996  g. 

Found  %  Nb|0^  81  12,  81.20;  Na,0  19,12,  19.28.  NaNbC^.  Calculated  Nb,Os  80.74;  NajO  19.26. 
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Analysis  of  potassium  metaniobate. 


Weights  of  samples  0.2002  and  0.1973  g. 

Found  Nb^O^  74.20  ,  74,44;  KjO  25.98,  25.88.  KNbOj.  Calculated  *70:  Nb^O^  73.89;  K^O  26.11. 
Thermal  Stability  and  Volatility  of  Metaniobates  of  the  Alkali  Metals 

Lithium,  sodium  and  potassium  metaniobates  have  high  melting  points  and  are  evidently  thermally  stable  sub¬ 
stances.  We  investigated  the  thermal  stability  and  volatility  of  all  the  anhydrous  metaniobates  prepared  in  this  re¬ 
search. 

The  volatility  was  determined  in  an  open  crucible  furnace  at  a  temperature  of  1200*.  The  first  experiments 
showed  that  none  of  the  investigated  salts  was  volatile  when  heated  for  2  and  6  hours;  continuous  heating  was  there¬ 
fore  applied  for  24  hours  at  the  same  temperature.  As  in  the  preceding  experiments,  no  losses  in  weight  were  found. 

It  may  be  mentioned  that  the  metaniobates  of  lithium,  potassium  and  cesium  were  melted  at  1200*  and  retained 
their  color  unchanged. 

Due  to  the  lack  of  volatility  of  these  salts  even  on  prolonged  heating,  we  carried  out  experiments  for  deter¬ 
mination  of  their  volatility  in  vacuum. 

Volatility  determinations  were  carried  out  at  1200*  and  a  pressure  of  about  1  mm.  The  data  obtained  show 
that  even  under  these  conditions  none  of  the  salts  is  volatile. 


Lowering  of  the  pressure  does  not  affect  the  thermal  stability  of  metaniobates  of  the  alkali  metals.  The  ther¬ 
mal  stability  of  metaniobates  of  the  alkali  metals  can  probably  be  accounted  for  by  the  ionic  bond  and  by  the  sta¬ 
bility  of  the  NbOj'^  ion  [12],  The  oxygen  atoms  of  this  ion  are  firmly  anchored  to  the  central  atom  and  evidently 
do  not  manifest  a  tendency  to  polarize  the  ions  of  the  alkali  elements.  All  the  metaniobates  of  the  alkaU  metals 
are  sparingly  soluble  in  water. 


-TABLE 

Equivalerit  and  Specific  ElecMcal  Conductivities 
of  Saturated  Aqueous  Solutions  of  Metaniobates  of 
the  Alkali  Metals  at  25* 

(Cell  constant  0.4439) 


Compound 

1  Electrical  conductivity 

Equivalent 

Specific 

LiNbOj 

1.01-  lO"'* 

4,50  '  10‘® 

NaNbOj 

6.41  •  10'® 

2.82  •  10‘® 

RbNbOj 

7.70  •  10 

3,31  •  10'® 

CsNbOj 

1.11  •  10'^ 

4.93  •  10“® 

’  We  measured  the  equivalent  and  specific  electrical 
conductivities  of  solutions  saturated  at  25*.  The  resulu 
are  set  forth  in  the  Table 

SUMMARY 

1..  Anhydrous  metaniobates  of  rubidium  and  cesium 
were  synthesized  for  the  first  time, 

2.  A  study  of  the  thermal  stability  of  all  the  metanio¬ 
bates  of  the  alkali  metals  showed  that  all  these  salts  are  ther¬ 
mally  stable  at  a  temperature  of  1200*. 

3.  Causes  of  the  stability  of  the  compounds  in  ques¬ 
tion  were  discussed. 


4.  Measurements  were  made  of  the  equivalent  and 
specific  electrical  conductivities  of  saturated  solutions  of  metaniobates  of  the  alkali  metals. 
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ANHYDROUS  METANIOBATES  AND  MET  A  T  A  NT  A  LATES  OF  THE  ALKALI  METALS 


II.  METANTANTALATES  OF  THE  ALKALI  METALS 
M.  A,  PchelRiaa  and  A,  V,  Lapitsky 

Very  little  information  has  been  published  about  the  anhydrous  metatantalates  of  the  alkali  metals.  Up  to 
now  only  the  metatantalates  of  sodium  and  potassium  have  been  described  [1].  We  have  synthesized  the  anhydrous 
metatantalates  of  the  alkali  metals  and  have  studied  some  of  their  properties. 

EXPERIMENTAL 


Starting  Substances 


Tantalum  pentoxide.  Pure  tantalum  pentoxide  was  prepared  from  potassium  fluorotantalate  [2].  The  crys¬ 
talline  precipitate  (washed  free  from  mother  liquor)  of  sparingly  soluble  potassium  fluorotantalate  was  recrystallized 
from  2’’lo  hydrofluoric  acid  solution,  transferred  to  a  lead  dish  and  treated  with  concentrated  sulfuric  acid  until  com¬ 
pletely  decomposed.  The  slurry -like  mass  was  washed  into  a  large  porcelain  beaker,  water  was  poured  over  it,  and 
the  tantalum  pentoxide  was  thereby  largely  peptized  by  the  sulfuric  acid.  To  avoid  the  passage  of  the  tantalum  pent¬ 
oxide  into  solution,  the  contents  of  the  beaker  were  neutralized  with  ammonium  hydroxide.  The  voluminous  white 
precipitate  of  tantalum  pentoxide  was  washed  on  the  filter  with  ammonium  carbonate  solution  until  disappearance 
of  sulfate  ion  from  the  wash  water.  The  tantalum  pentoxide  purified  in  this  way  was  sufficiently  pure. 
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Carbonates  of  alkali  metals.  The  lithium  carbonate  was  the  chemically  pure  grade.  The  carbonates  of  ru¬ 
bidium  and  cesium  used  for  preparation  of  tantalates  have  already  been  described  by  us  [2]. 


Preparation  of  Anhydrous  Metatantalates  of  Lithium,  Rubidium  and  Cesium 


After  igniting  at  800*,  the  pure  tantalum  pentoxide  was  finely  pulverized  and  stirred  with  equimolar  amounts 
of  carbonates  of  lithium,  rubidium  and  cesium.  The  prepared  mixtures  were  placed  in  platinum  crucibles  (the  mix¬ 
ture  containing  lithium  carbonate  was  placed  in  a  corundum  crucible).  Sintering  was  carried  out  in  a  crucible  fur¬ 
nace  at  800*  for  4  hours.  Attainment  of  constant  weight  was  taken  as  the  criterion  of  completion  of  the  reaction. 

Even  though  we  took  a  very  small  excess  of  the  carbonate  of  the  alkali  metal,  it  was  nevertheless  necessary  to  re¬ 
move  its  residues.  It  is  known  that  reaction  of  tantalum  pentoxide  with  excess  of  alkali  metal  carbonate  can  lead  to 
formation  also  of  soluble  tantalates  which  pass  into  solution  when  the  metatantalates  are  treated  with  water. 


The  metatantalates  were  treated  with  distilled  water,  washed  with  2*^  acetic  acid  solution,  dried,  and  ig¬ 
nited.  Analyses,  carried  out  for  content  of  tantalum  pentoxide  and  alkali  metal  oxide,  determined  as  sulfate  [2], 
showed  that  we  had  actually  obc  ained  the  anhydrous  metatantalates  of  lithium,  rubidium  and  cesium.  Below  we  set 
forth  therssiilts  of  the  analyses  of  the  prepared  salts. 


Analysis  of  lithium  metatantalate. 

Weights  of  substance  0.2020  and  0.2026  g. 

Found  “70:  TajO^  94.02  ,  93.98;  LigOj  5.84,6.12.  LiTaO^.  Calculated*^  Ta,C\  93.68;  Li,0^  6.44. 


Analysis  of  rubidium  metatantalate,. 

Weights  of  substance  0.2028  and  0.1916  g. 

Found  *7o;  Ta,Ofe  71 .08,  71 .12- RbjO  28.81,28.88.  RbraO^.  Calculated*^.  TajO^  70.83;  Rb,0  29.17. 
Analysis  of  cesium  metatantalate. 

Weights  of  substance  0.1822  and  0.1618  g. 

Found  *70:  TajOj  60.82,61.18;  CsjO  39.04,39.16.  CsTaO^.  Calculated ‘7>:  Ta,0^  61.05;  C%0  38.94. 
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As  in  the  case  of  metaniobates,  we  decided  to  investigate  the  thermal  stability  of  the  metatantalates  of 
the  alkali  metals.  For  this  purpose  we  prepared  the  anhydrous  metatantalates  of  sodium  and  potassium  by  the  method 
which  has  been  frequently  described  |1]. 

The  method  used  was  entirely  identical  with  that  described  for  the  synthesis  of  the  metatantalates  of 
lithium,  rubidium  and  cesium.  We  analyzed  the  prepared  metatantalates  of  sodium  and  potassium  for  their  content 
of  tantalum  pentoxide  and  alkali  metal  oxide. 

Analysis  of  sodium  metatantalate. 

Weights  of  substance  0.2010  and  0.2020  g. 

Found TajOfe  88.36,88.57;  Na^O  11.01,11.38.  NaTaO^.  Calculated ‘y®:  Ta,0^  88.38;  NajO  11.62. 

Analysis  of  potassium  metatantalate. 

Weights  of  substance  0.2026  and  0.2018  g. 

Found Ta,Os  81.98,  82.32;  K,0  1  7.96,  17.64.  KTaO,.  Calculated  “yo:  TajO^  82.43;  KjO  17,57. 
Thermal  Stability  and  Volatility  of  the  Metatantalates  of  the  Alkali  Metals 

Preliminary  examination  of  the  properties  of  the  metatantalates  showed  that  the  latter  had  high  melting 
points;  it  could  therefore  be  surmised  that  their  thermal  stability  was  high. 

The  conditions  under  which  the  thermal  stability  was  determined  were  similar  to  those  employed  for  the 
thermal  stability  determinations  of  metaniobates. 


TABLE  1 


TABLE  2 


Effect  of  the  Bond  Character  on  the  Melting 
Pcint  of  the  Oxide  and  Its  Volatility  at  1200* 


Oxide 

Melting 

point 

Loss  in  weight  after 
24  hours'  ignition 
(in‘^>) 

MoOs 

795* 

2.3 

WO^ 

1473 

0.08 

NbjC^ 

1520 

None 

Ta,C\ 

1470 

None 

Melting  Point  of  Alkali  Metal  Salts  of  Molybdic,  Tungstic, 
Niobic,  and  Tantalic  Acids 


Anion 

Melting  point 

Cation 

NbOi"‘ 

M0O4-* 

TaOi-‘ 

WQt"* 

Li-^ 

1164 

705*  [4] 

>1200* 

742*  [3] 

Na'^ 

~1250 

687 

>1200 

698 

K+‘ 

1184 

926 

>1200 

926 

Rb-** 

~1200 

929 

>1200 

959 

Cs"*^ 

>1200 

925 

>1200 

958 

TABLE  3 


TABLE  4 


Volatility  of  Niobates,  Molybdates,  Tantalates  and  Tungstates 
of  the  Alkali  Metals  at  1200*  after  24  hours,  expressed  as  flo 


Eq.uivalent  and  Specific  Electrical  Conduct¬ 
ivities  of  Aqueous  Solutions  of 
Metatantalates  of  the  Alkali  Metals  at  25* 
(Cell  constant  0 .4439) 


Compound 

IHl  RRII!  RA  RRifi  ItRI !  R 1 91HH 

Equivalent 

Specific 

LiTaOi 

8.81  -lO’® 

3.91  10*® 

NaTaOi 

5.90  -10-* 

2.62*10*® 

KTaO^ 

7.61  -10  •* 

3.28*10*® 

RbTaOi 

7.55- 10'® 

3.25*10*® 

CsTaO^ 

6.08-10  •® 

2.70*10  *® 

Results  of  ignition  of  all  the  anhydrous  alkali  metatantalates  show  that  they  do  not  possess  appreciable 
volatility  at  a  temperature  of  1200*. 

We  also  investigated  the  volatility  ot  the  same  salts  at  the  same  temperacure  but  in  vacuum.  The 
pressure  in  the  apparatus  was  about  1  mm. 

The  duration  of  heating  in  this  series  of  experiments  was  2  and  6  hours.  In  all  cases  we  found  no  change 
in  weight  of  the  metatantalates  of  the  alkali  metals. 


1102 


The  constancy  of  weight  points  to  the  thermal  stability  of  all  the  salts  and  to  the  absence  of  volatility  even  in 
vacuum  at  1200*.  It  should  be  mentioned  that  under  these  conditions  the  metatantalates  do  not  irc;tand  their  color 
remains  unchanged. 

The  thermal  stability  of  metatantalates  of  the  alkali  elements  may  be  explained  by  the  bond  strength  of  the 
TaQj"'  ion.  The  oxygen  ions,  rigidly  linked  to  the  central  tantalum  atom,  evidently  do  not  exert  a  polarizing  action 
on  the  alkali  metal  ions. 

Our  data  for  the  thermal  stability  of  anhydrous  metaniobates  and  metatantalates  of  the  alkali  metals  show  that 
these  compounds  (with  high  melting  temperatures  of  1200*  or  higher)  are  lacking  in  volatility,  evidently  due  to  the 
ionic  character  of  ’the  bondfe). 

It  is  interesting  to  compare  the  melting  point  and  volatility  of  some  compounds  of  molybdenum,  tungsten, 
niobium  and  tantalum.  Comparison  of  these  values  (Table  1),  found  for  the  oxides  by  Spitsyn  and  Shostak  [3],  shows 
that  volatility  is  manifested  by  oxides  of  molybdenum  and  tungsten  which  have  a  less  marked  ionic  character  of  bond 
than  the  oxides  of  niobium  and  tantaiuni. 

The  same  picture  is  observed  for  salts  of  molybdic'tungstic,  niobic  and  tantalic  acids,  as  seen  from  the  data  set 
forth  in  Tables  2  and  3. 

The  lessening  of  the  ionic  character  of  the  bond  with  gradual  transition  to  a  polar  bond  is  usually  associated 
with  a  decrease  in  the  melting  point  of  tlie  salts  and  an  increase  in  their  volatility. 


On  the  basis  of  the  above  facts,  we  may  say  that  passage  from  niobates  to  molybdates  and  from  tantalates  to 
tungstates  is  accompanied  by  a  change  from  an  ionic  to  a  polar  character  of  bond. 

Like  the  anhydrous  alkali  metal  metaniobates,  the  corresponding  metatantalates  are  sparingly  soluble  in  water. 
We  determined  the  equivalent  and  specific  electrical  conductivities  of  solutions  of  all  the  metantalates  of  the  alkali 
metals  saturated  at  25*.  Results  of  the  measurements  ate  set  forth  in  Table  4.  The  results  obtained  bear  a  qualita¬ 
tive  character. 

The  actual  solubilities  of  these  salts  can  only  be  obtained  after  determination  of  the  mobility  of  the  metatan- 
talate  ion  or  by  the  method  of  radioactive  indicators. 

SUMMARY 

1..  ArthydroUs  metatantalates  of  lithium,  ruT)idium  and  .cesiuth  vaeieiprepared  te  the  first  time. 

2.  The  thermal  stability  of  all  the  anhydrous  alkali  metal  metatantalates  was  studied;  it  was  established  that 
all  these  salts  are  thermally  stable  at  1200*. 

3.  The  melting  points  of  the  metaniobates,  molybdates,  metatantalates  and  tungstates  of  the  alkali  metals  were 
compared.  Considerations  about  the  causes  of  the  stability  of  metaniobates  and  metatantalates  of  the  alkali  metals  are 
put  forward. 

LITERATURE  CITED 

[t]"'  J.  C.  G.  Marignac,  Wied.  Ann.,  9,  259  (1866) 

[2] ’'  M.  A.  Pchelkina  and  A.  V.  Lapitsky.  J.  Gen.  Chem.,  24,  1101  (1954) 

[3]  Vikt.  I.  Spitsyn  and  V.  I.  Shostak,  J.  Gen.  Chem.,  19,  1801  (1949)  (T.  p,  a-251)*  . 

[4]  Vikt.  I.  Spitsyn  and  I.  M.  Kuleshov,  J.  Gen.  Chem.,  21, 1365(jl951)  (T.p.  1493)*  . 

[5]  Vikt.  I.  Spitsyn,  J.  Gen.  Chem.,  20,  550  (1950)  (T.p.  579)*  . 

[6]  W.  Nowacki,  Helv.  chim.  Acta,  25,  863  (1942). 


Received  February  2,  1954 


Moscow  State  University 


•  T.  p.  =  Consultants  Bureau  Translation  Pagination. 


1103 


B 


ai  a^VA  irtf*^i,*>-.f  •:  ,ti->!'  ;»■':*.■  i*r*wi  i-S<*/w  >'''*•%  t 

[-^‘>>;f  •.  1*  '."f;  cl=  *3;j.Jr--  ;'  !-  Uvi  .-‘ji  .■-,  ;j!i"-  •,  »  ,  ,n-..  •  'v.,  j  {  u  ,-  .t/— t-  •  -•-'■'^4 


r*n  vy  rr.  -.- '  ' 


%til  V-  x: 


'  14*  <4  >i-  ‘4«:  r>..  ,v-i.  i,!'-.  •*'••  -^4,' 

.  jfc,n  t  U  .  v.o  t  c...;  '•  /’i  -  ' 


;•  :i».. 

.  .'^'t  fllfi;  » :a»'V fM  f 

;  i-  ;  '•^  V/t*  *  :?  ;»,•. 


wofti  <j'4>  ■  ;  if'  ’i  v  >  :.j  '■:  .•«•  •T-.'t?  .  a  v  .-  -,.  y-^  / 


9  :t  ■••.  •fuf*  v;ir,t jf  « 


';  ty  ■  ..  ->>.  ■• 


•.o* 

■  -'■  >oti 


■A  .  '••■•■.>< 


.4>tr  t  *  ■  V  . 

C'lJ- •  v-.flc-.t  y.>  tL..  .  I'.'.'.I 


.  j*  >'.  /■■  4.. 


.rh  ^  ' .)/.•  jTii  •? 


j,  .'^Ti  r  JU^tii4  *i  p- 


UX.OtJl'  H.k. 


'if'i  '•  ^.1*^1  .1  it 


ii'i  -llr!.  ■5ja  “ 


i  .  »  1-.  “*'1  -  ••  *v"V  «.'.  '  y  :  *J 


>..,  3>rii  T'^  t;f  i»r|i5i  I'j,.-'.  .  -  >in  w 


'V . '  •  •  y**  ■ 


>njJJ  »rt' 


»iiw  l.■.:•l■.■^..  tfr-,  .  T  -.v  j  ; 


t'x If  u  ■  •  .vi/ix's^rsir 


-  y  tfiij-  !!  li  1  i -.  ^  •  ;  aJtf 


•■  •  . 


iT,  A- 


■H-. ^  *1  ">Ci 


xi'  '  «:  1 , '  7  •  I  ^  ■ 


••'  •  7!  :■;».<  ut  L  ;.  ■■  >  ii.  ’ 


iV  '  '.',\f' 


:s*  :- ^ -iiSiA. 


PREPARATION  OF  THE  SIMPLEST  SODIUM  C  UPROTHIOSULFATES 


G  .  A  .  G  arkusha 


The  literature  contains  descriptions  of  salts  with  fairly  diverse  molar  ratios  of  Cu^SiO^  ,  Na2SjP5  and  crystal  water 
[4,  5,  7-10,  12,  13].  Tlie  following  salts  are  also  known: 

3Cu,S,0^  •  2Na,S,0,  •  2NaCl  •  8H,0  [6], 

5Cu,S,Oi  •  3Na,S,Oi  •  2NajS04  [8]  and 
9Cu,S,0i  •  5Na,S,Oi  .  8NaCl  •  12H,0  [9]. 

Rosenheim  and  Steinhauser  [12]  isolated  the  salts: 

4Ci^S,C^  •  3NaiS20j  •  6H,0,  Cti,SiOi  •  NajSjO^  •  2H,0  and  5Cti,S,Oi  •  4Na,S,0,  •  8.5H,0, 

They  also  described  more  complex  salts,  for  example: 

4(NH4)2S20i  •  NH4  X  •  CuX  (where:  X  =  Cl*;  Br*;  I* ;  CNS*), 
to  which  Werner  assigned  the  structure  (NH4)g[Cu(S2CI^)4X|].  Benrath  [14]  isolated  a  dark -blue  salt  CU|S|C1^' 

•2Na|S{0^  *  SNHg.  Potassium  salts  known  are  Kg[Cu(S20^)3  '  3H|0  and  K7[Cu(S|0|)4]. which  were  isolated  by  Spacu  and 
Murgulescu  [15], and  whose  existence  was  denied  by  Ryabchikov  on  the  grounds  that  a  maximum  of  two  thiosulfate  resi¬ 
dues  can  surround  one  atom  of  copper  [1],  A  paper  by  Ryabchikov  and  Silnichenko  [2],indicated  that  the  varying  com¬ 
position  of  the  salt  is  due  both  to  faulty  conception  of  the  mechanism  of  the  reaction,  in  which,  for  the  most  part,  no 
account  was  taken  of  the  formation  of  an  intermediate  salt  of  CU|S}0^,  and  to  the  special  characteristics  of  complex 
formation  of  copper  compounds.  According  to  the  hypothesis  advanced,  only  three  types  of  complex  salts  must  exist; 
Me[Cu(S|0^)],  Me4[Cut(S|P|)3]  and  Mes[Cu(S|C)^)l]  with  a  coordination  number  of  copper  equal  to  2.  It  was  also  obr 
served  that  the  properties  of  the  salt  NaCuSgO)  do  not  correspond  to  the  properties  described  by  other  investigators. 

Thus,  with  ratios  of  copper  sulfate  to  sodium  thiosulfate  of  1:2,  a  green  solution  is  formed  which  contains  the  readily 
water-soluble  salt  NaCuS|Cl^.  To  the  yellow  salt  which  is  sparingly  soluble  in  water  is  assigned  the  stmcture  CuNaj  ~ 
[Cu(S{0^)2]  !?]•  latter  was  obtained  by  adding  a  saturated  solution  of  copper  sulfate  to  a  saturated  solution  of 
sodium  thiosulfate  until  the  colorless  solution  turned  green  (i.e.,  as  in  the  formation  of  the  salt  NaCuS|0^'  H|0). 

Finally,  the  preparation  of  this  salt  according  to  the  equation 

CuNag[Cu(S,0,),]+2Na,S,0,->  2Na,[Cu(S,Oi)j] . 

is  unconvincing  as  a  confirmation  of  the  composition  of  the  salt  CuNa|>[.Cu(S|Os]|],  since  this  reaction  also  takes  place 
with  2  moles  of  the  salt  NaCuS^O). 

Since  data  for  the  composition  and  properties  of  the  simplest  sodium  cuprothiosulfates  are  still  conflicting,  we 
decided  to  start  this  investigation.  The  literature  describes  the  salt  NaCuS|0|  •  H|0  and  water -insoluble,  poorly 
stable  salts  with  a  yellow  color:  CujSiO^  *  K|S|0^  *  H|0  or  KCuSgO^  *  HgO  and  CU|S|0^  *  (NH4)|S|C1^  '  21^0  or 
NH4CuS,0^  •  H,0. 

Due  to  the  varying  valence  of  copper  in  the  reaction  of  copper  sulfate  with  sodium  thiosulfate  [11],  when  pre¬ 
paring  the  salt  NaCuS|0)  it  is  necessary  to  take  them  in  the  ratio  of  1:2. 

2CUSO4  4-  3Na|S|0|  “"^CuiSiO^  “f  2Na|S04  +  Na|S404 
CU|S|03  +  Na^SjOj  “♦2NaCuSjO| 

2CUSO4  +  4NaiS,0i  -♦2NaCuS,Oi  +  2Na,S04  +  Na,S40, 

Since  the  required  salt  is  sparingly  soluble  in  water,  its  yield  must  be  close  to  the  theoretical.  On  starting, 
however,  from  a  1:1  ratio,  the  yield  of  NaCuSgO^  must  be  nearly  halved. 

The  salt  Nag[Cu(S|C^)i]  was  prepared  by  us  both  directly,  from  copper  sulfate,  and  from  the  salt  NaCuStQ)  *  1%0. 
In  the  former  case  the  starting  components  will  be  taken  in  the  ratio  of  1:3. 

2CUSO4  +3  NagS^O^  ~~^CU|S|0|  -f  2Na2S04  *1’  NafS404 
Cu,S,0,  +  3Na,S,p,  -►2Na,[Cu(S,0|),] 

2CUSO4  +  6Na|S,Oi  -»»2Na,[Cu(S,0i),]  +  2Na,S04  +  Na,S40, 

In  the  second  case  the  reaction  proceeds  according  to  the  equation:  NaCuSsO^  Na|S|0^-»-  Na3[Cu(S2O|)i]. 
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since  in  the  second  case  no  by-products  of  the  reaction  are  formed  and  the  volume  of  reaction  solution  is  very 
small,  separation  of  the  reaction  product  proceeds  considerably  more  easily,  the  yields  are  better,  and  a  purer  salt  is 
obtained.  In  both  cases,  however,  precipitation  with  alcohol  leads  to  formation  of  an  oily  reaction  product.  For  this 
reason  the  isolation  of  the  product  is  preferably  effected  by  precipitation  with  alcohol  in  association  with  salting -out 
with  sodium  nitrate.  The  salt  NajfCufSjO^lfc]  is  fairly  stable  in  comparison  with  NaCuS20^  •  HjO  and  the  crystal  water 
can  be  removed  by  drying  at  90-95*.  In  aqueous  solutions  it  decomposes  after  storing  for  many  hours  or  (especially) 
on  heatii^  above  50*. 

The  salt  Na^fCuiS^O^)!]  is  adequately  stable  in  a  saturated  aqueous  solution  of  sodium  thiosulfate  both  at  room 
temperature  and  when  heated  to  60*.  Both  this  observation  and  work  on  the  salt  of  silver  of  analogous  composition 
[3]  served  us  as  a  basis  for  preparation  of  the  salts  NasfCufSjO^)!],  Nay[Cu(SjOs)4iand  Naj[Cu(SjOj)5].  These  were  pre¬ 
pared  according  to  the  equations: 

NaCuSjC^  +  2Na,S,Oi  -►Na5[Cu(S,Oi)8], 

NaCuSjO^  +  3Na,S,Oj  Na7[Cu(SjOi)4], 

NaCuSjO^  +  4Na,S,Oi  Na,[Cu(S,05)5]. 

Aqueous  solutions  of  these  salts  possess  adequate  stability  in  storage  and  when  heated.  Crystallization  may  occur 
in  the  solutions.  The  crystals  are  readily  dehydrated,  losing  their  water  at  85-90*.  By  comparison  with  NaCuSiQj  and 
Naj[Cu(S|Oj)|]  they  are  much  more  stable.  Thus,  their  aqueous  solutions  can  be  kept  for  several  weeks  without  visible 
signs  of  decomposition,  and  they  also  resist  heating  to  80-90*.  Of  these  three  salts  the  least  stable  is  Nas[Cu(S2C)^)3], 
and  during  its  preparation  it  is  therefore  necessary  to  take  a  slight  excess  of  sodium  thiosulfate. 

The  compositicm  of  these  three  salts  was  verified  by  the  preparation  from  them  of  the  barium  salts,  and  also 
the  salt  Baj[Cu(S|0^)]2: 

2Na,[Cu(S,Oi)j]  +  3BaCl,  -►  Ba,[Cu(S,Oi)|],  +^6NaCl, 

2Na,[Cu(S,Oi)5]  +  5BaC],  -►  Ba5[Cu(S,0^),],  +  lONaCl, 

2Na7[Cu(S,Oi)4]  +  7BaCl,  -v  Ba7[Cu(S,0,)4]2  +  14NaCl, 

2Na,[Cu(S,Oi)5]  +  9BaC]*  Baj[Cu(52T3i)5]2  +  18NaCl. 

These  barium  salts  are  sparingly  soluble  in  water  (about  1:3000),  whereas  the  solubility  of  BaSjO^  is  1:480  (20*); 

•  therefore  for  titration  with  iodine  a  weighed  sample  of  about  0.2  g  is  dissolved  in  800  ml  water  with  vigorous  stirring 

<  for  one  to  one  and  a  half  hours.  The  amount  of  potassium  iodide  taken  is  calculated  on  the  basis  of  4  g  per  100  g  solu¬ 

tion;  this  avoids  development  of  cloudiness  toward  the  end  of  the  addition  of  iodine  and  ensures  stability  of  the  blue 
»  color  of  the  solution. 

I  The  barium  salts  resemble  the  sodium  salts  in  respect  of  stability  on  keeping  and  heating, 

EXPERIMENTAL  • 

Preparation  of  Sodium  cuprothiosulfate  NaCuSgO^  •  ti^O. 

To  10  g  CuSQi  ■  51^0  dissolved  in  50  ml  water  was  added  a  solution  of  20  g  Na^SjO^  ■  51^0  in  10  ml  water 
until  the  blue  color  of  the  reaction  solution  changed  to  green,  whereupon  without  delay  about  1  ml  copper  sul¬ 
fate  solution  was  run  in  to  give  a  persistent  green  color.  Formation  of  a  yellow  precipitate  was  accelerated  by  stir¬ 
ring.  By  the  next  day  its  amount  had  considerably  increased  and  it  was  separated,  washed  3  times  with  mother  liquor 
diluted  1:1  with  water  (without  allowing  loss  of  crystals  from  the  liquid),  3  times  with  the  minimum  amount  of  water, 

5  times  with  501!b  alcohol  and  5  times  with  alcohol.  Thorough  washing  improves  the  keeping  quality  of  the  crystals. 
Stability  in  storage  depends  upon  the  temperature.  When  the  yellow  crystals  are  kept  in  a  refrigerator  at  0-2*,  their 
color  does  not  change  in  the  course  of  about  4  months.  The  weight  of  the  air-dry  precipitate  was  7.7  g  (89*?l)).  Dry¬ 
ing  of  the  crystals  at  50-60*  for  only  30-40  minutes  leads  to  their  decomposition. 

0.1910  ,  0.2560  g  sub.:  8.8.  11.6  ml  0.1  N  I,.  0.2020..  0  2076  g  sub,:  9.8,10.0  ml  0.1  N  NajSjOi. 

Found‘d.  SjO,  51.5,  50.6;  Cu  30.8,  30.7.  NaCuSjO,  •  H,0.  Calculated  *70;  SjO^  51.8;  Cu  29.4. 

Preparation  of  sodium  cuprodithiosulfate  Naa[Cu(S20h)^]. 

5  g  CUSO4  *  5H2O  in  20  ml  water  was  added  to  a  solution  of  15  g  Na|S{0|  •  5H2O  in  10  ml  water.  Into  the  fil¬ 
tered  solution  was  introduced  7  g  sodium  nitrate  ,.  dissolved  by  stirring.  60  ml  alcohol  was  added  in  portions  and 


•E.  Ya.  Karaulova  participated  in  the  analytical  work. 
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on  stirring  a  snow-white  precipitate  came  down. 

It  was  separated  the  next  day,  washed  with  alcohol  and  stirred  with  70%  alcohol,  using  not  more  than  60  ml  of 
alcohol  (excess  of  the  latter  results  in  a  viscous  mass).  The  precipitate  was  separated  and  washed, first  with  70%  al¬ 
cohol  until  the  test  for  nitrate  was  negative  (test  with  diphenylamine),  and  again  with  alcohol.  After  drying  in  air 
with  gradual  rise  of  temperature  from  50  to  90-95*,  the  weight  of  the  precipitate  was  5.3  g  (66.5%). 

0.1580,  0.1760  g  S  ib.:  8.8,  9.9  ml  0.1  NIj.  0.2046,  0.2201  g  sub.;  5.4,  6.0  ml  0.1  N  Na,SjO^.  Found 

%:  8,0^  62.4,62.8;  Cu  16.8,  17.3.Naj[Cu(S,Oi),].  Calculated  %;  8,0,.  63.0;  Cu  17.85. 

If  the  reaction  product  was  separated  with  alcohol  in  the  absence  of  sodium  nitrate,  an  oily  layer  was  formed 
which  was  collected  and  poured  into  a  crystallizing  dish  after  mixing  with  a  fresh  portion  of  alcohol.  After  48  hours 
white  crystals  had  formed  and  these  were  separated  and  mixed  with  alcohol  (it  was  impossible  to  wash  them  with 
alcohol  since  a  thick  crust  formed  on  the  surface  of  the  precipitate),  again  separated,  and  washed  with  alcohol. 

Addition  to  5  g  N?,SC^  -bHjO  in  5  ml  water  of  4.3  g  NaCuSjQ,  -IljO  wit':  stirring  gave  a  reaction  solution  from 
which,  after  working  up  in  the  above- describe  J  way,  was  separated  a  salt  of  t’ne  same  composition  Na3[Cu(820,)2]. 

To  1  g  Na,[C;i(S20,)2],  dissolved  in  5  ml  water,  was  added  30  ml  5%  BaCl,  solution.  The  resultant  snow-white  pre¬ 
cipitate  was  separated,  washed  with  water  until  the  reaction  for  chlorine  ion  was  negative  and  washed  5  times  with 
alcohol.  The  snow-white  crystals  of  Ba,[Cu(820j)2^  were  dried  to  constant  weight  at  90-95*. 

0.1840,  0.1920  g  sub.:  0  1280,  0.1360  g  Ba504.  0.2180,  0.2220  g  sub.:  4.0,  4.2  ml  0.1  N  Na,5,CS.  0.1840, 

0.2040  g  sub.:  7.3,  8.2  ml  0.1  N.  1,.  Found  %;  Ba  40.8,  41.7;  Cu  12.4,  12.0;  8,0,  44.4,  44,9.  Ba,[Cu(8*CV),l. 
Calculaled%:  Ba  41.7;  Cu  12.88;  45.5. 

Preparation  of  sodium  tricuprothiosulfate  Na5[Cu(5,0^),] 

To  a  solution  of  25  g  Na^BjO^  •  5H,0  in  15  ml  water  was  added  portionwise  with  stirring  10.8  g  NaCu8,p,  •  H,0 
until  completely  dissolved.  The  solution  was  evaporated  at  40*  and  then  in  succession  at  50  ,  60  and  80*  until  a 
precipitate  had  been  obtained  either  in  the  form  of  a  thick  slurry  or  of  a  solid.  The  precipitate  was  dissolved  in  the 
minimum  amount  of  water  and  filtered,  and  the  water  removed  in  the  manner  described  above.  After  drying  to  con¬ 
stant  weight  at  90-95*  the  precipitate  weighed  23.5  g  (90%), 

0.2355,  0.2353  g  sub.;  4.4,  4.3  ml  0.1  N  Na,5,0,.  0.1940,  0.1 787  g  sub.:  11 .2,  10.4  ml  0.1  N  I,.  Found 

%;  8,0^  64.6,  65.1;  Cu  11.8,  11.65.  Na5[Cu(8,0,),].  Calculated  %;  8,0^  65.4;  Cu  12.35. 

The  barium  salt  was  prepared  from  a  10%  solution  of  Nas[Cu(8,p,),]  and  a  5%  solution  of  BaCl,  taken  in  the 
stoichiometric  ratio. 

0.2146,  0.2090  g  Sub.:  0.1650,  0.1630  g  Ba804.  0.1620,  0.1650  g  §ub.:  2.2,  2.3  ml  0.1  N  Na,5,0,.  0.2006, 

0.3043  g  sub.:  8.0,  12.0  ml  0.1  N  Ij.  Found  %:  Ba  45.3,  45.9;  Cu  8.9,  8.8;  5,0,44.7,  44.0.  Ba5[Cu(5,0^),],. 

Calculated  %:  Ba  46.2;  Cu  8.55;  5,0,  45.3. 

Preparation  of  sodium  tetracuprothiosulfate  Na^[Cu(5,0,)4]. 

To  a  solution  of  11.25  g  Na25,Os  •  5H,0  in  6  ml  water  was  added  3.24  g  NaCu8,C),  •  H,0.  The  conditions 
for  carrying  out  the  reaction  and  for  isolation  of  the  product  were  the  same  as  for  Na,[Cu(8,0,),].  Vfeight  of  salt 
8  g  (80%). 

0.3214,  0.2434  g  sub.;  18.9,  14.5  ml  0.1  N  I,.  0.2622,  0.1982  g  sub.;  4.1,  3.1  ml  0.1  N  Na,5,0,.  Found 

%;  8,0^  65.8.  S  3.7;  Cu  9.92  ,  9.93,  Na7[Cu(52Cli)4].  Calculated  %:  5,0^  66.8;  Cu  9.45. 

The  barium  salt  was  prepared  in  the  same  way  as  for  Ba,[Cu(8,p,),],. 

0.2880,  0.2680  g  sub.;  0.2323,  0.2160  g  Ba504.  0.1888,  0.2680  g  sub.;  1.9,  2,6  ml  0.1  N  Na,5,Oi.  0.1988, 

0.2080  g  sub.;  7.9,  8.0  ml  0.1  Nl,.  Found  %;  Ba  47.4,  47.5;  Cu  6.4,  6.1;  8,0^  44.5,  44.1.  Ba7[Cu(5,0,)4],, 

Calculated  %:  Ba  48.33;  Cu  6.4;  8,0,  45.1. 

Preparation  of  sodium  pentacuprothiosulfate  Na,[Cu(5,0,),], 

To  a  solution  of  15  g  Na,8,0|,  •  5H,0  in  7  ml  water  was  added  3.24  g  NaCu8,0|  •  H,0.  The  conditions  f<x 
carrying  out  the  reaction  and  for  separating  the  product  were  the  same  as  for  Na,[Cu(8,0,),].  After  drying  to  con¬ 
stant  weight  the  crystals  weighed  11.6  g  (94.5%). 

0.3095,  0.3200  g  sub,;  18.3,  19.0  ml  0.1  N  I,.  .  0.2440,  0.2660  g  sub.;  2.7,  2.8  ml  0.1  N  Na,8,Oi. 

Found  %;  5,0,  66,2,  66.4;  Cu  7.0,  6.7.  Na,[Cu(5,0,)5].  Calculated  %;  5,0,  67.4;  Cu  7.65. 

The  barium  salt  was  prepared  as  described  for  Ba5[Cu(5,C^),],, 

0.3020  ,  0.2820  g  sub.:  0.2520,  0.2340  g  Ba504.  0.1930,  0.2306  g  sub.;  1.4,  1.8  ml  0.1  N  Na,5,C^.  0.2010, 

0.2002  gsub.:  8.0,  7,9  ml  0.1  N 1,.  Found  %:  Ba  49.2,  48.8;  Cu  4.6,  4.97;  8,0,  44.5,  44.1. 

Ba,[Cu(S,p,)5],.  Calculated  %;  Ba  49.72;  Cu  5,12;  ^0^  45,08. 
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SUMMARY 


•  II 

•  II 

!  • 


1»  The  methods  far  preparation  of  NaCuSjQj  •  HjO  and  Na8[Cu(S|C^)2^  have  been  improved, 

2,  Methods  are  presented  for  preparation  of  the  previously  undescribed  salts;  Na5[Cu(S|0|)8],  Na7[Cu(SjPj)4], 
Na,[Cu(Si0i)5].  Ba3[Cu(S,0,)j]j.  Ba5[Cu(S,0,),],.  Ba7[Cu(SiP,>4l  and  Ba9[Cu(S,C^)5l. 
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REACTIONS  IN  SOLUTIONS  BETWEEN  ZIRCONIUM  NITRATE 


AND  ALKALI  METAL  lODATES.  I. 

M.I.  Konarev  and  A.S,  Solovkin 


Composition  of  freshly  precipitated  zirconium  iodate.  The  first  publication  on  the  composition  of  zirconium 
iodate  was  that  of  Davis  [1]  who  prepared  zirconium  oxyiodates  of  indeterminate  composition.  Venable  and  Smithey 
[2]  also  separated  precipitates  of  indeterminate  composition  [between  Zr204(103)4  and  Zr407(I(.ls)2].  They  suggested 
that  they  did  not  isolate  the  normal  zirconium  iodate  [ZrO(ID3)2]  because  this  salt  is  strongly  hydrolyzed  when  washed 
with  water. 

In  1941  Chemikov  and  Uspenskaya  [3]  reported  that  precipitation  of  zirconium  from  nitrate  solutions  gives  iodates 
of  variable  composition.  According  to  their  data,  one  can  also  obtain  precipitates  of  definite  composition,  for  example 

2Zr(IOs)4  '  KIC^  *  8H2O, 

by  strictly  adhering  to  the  conditions  established  by  them.  On  this  basis  the  authors  recommended  a  volumetric  iodo- 
metric  method  of  determination  of  zirconium. 

Handbooks  [4]  report  that  on  standing  of  zirconium  iodate  precipitates  with  the  mother  liquors  for  a  long  time, 
compounds  are  formed  which  contain  7.5  to  9  iodate  groups  per  atom  of  zirconium.  No  indication  is  given  of  the  char¬ 
acter  and  jMDperties  of  such  compounds. 

It  appears  from  the  literature  data  that  the  study  of  the  composition  of  zirconium  iodate  precipitates  has  been  in¬ 
adequate.  No  systematic  investigations  have  been  undertaken,  so  that  it  is  difficult  to  judge  the  correctness  of  exist¬ 
ing  data  for  the  composition  of  zirconium  iodate. 

EXPERIMENTAL 

Experimental  method*  .  Use  was  made  in.  the  experiments  of  standard  aqueous  or  nitric  acid  solutions  of  zircon- 
nium  nitrate  and  potassium  iodate.  The  precipitates  of  zirconium  iodate  were  prepared  by  adding  potassium  iodate 
solution  to  zirconium  nitrate  solution.  In  some  experiments  dry  potassium  iodate  was  also  added. 

The  number  of  iodate  groups  combining  with  zirconium  was  determined  by  analyzing  the  precipitates  and  by  back- 
titration. 

To  an* accurately  measured  volume  of  standard  zirconium  nitrate  solution  was  added  an  accurately  measured  vol¬ 
ume  of  standard  (in  respect  of  IO3)  potassium  iodate  solution.  The  resultant  precipitate  (fresh  or  after  sunding)  was 
separated  from  the  mother  liquor.  The  mother  liquor  was  collected  separately  from  the  wash  waters.  An  aliquot  por¬ 
tion  of  the  mother  liquor  was  taken  for  determination  of  iodate  ions  which  had  not  reacted  with  zirconium.  The  iodo- 
metric  method  was  employed. 

From  the  difference  between  the  amount  of  potassium  iodate  (iodate  ions)  taken  and  the  amount  remaining  in 
solution,  the  amount  of  iodate  which  had  reacted  with  zirconium  was  determined.  The  fall  in  the  iodate  ion  content 
of  the  solution  was  related  to  the  amount  of  zirconium  isolated  in  the  precipitate.  Similar  calculations  can  also  be 
based  on  data  for  the  fall  in  concentration  of  iodate  ions  and  of  zirconium  in  solution  due  to  formation  of  zirconium 
iodate. 

The  precipitate  was  v/asi'ed  with  water,  or  with  alcohol  and  ether,  or  with  acid,  alcohol  and  ether,  and  it  was 
then  dried  at  room  temperature.  Zirconium  and  iodate  groups  were  determined  in  weired  amounts  of  the  air-dry 
precipitate.  The  analytical  results  gave  the  ratioibe tween  zirconium  and  iodate  groups. 

Comparison  of  the  ratios  between  zirconium  and  iodate  groups  found  by  analysis  of  the  precipitate  with  those 
determined  by  back-titration  permitted  evaluation  of  the  suitability  of  the  wash  liquids  tested. 


•  The  procedures  described  refer  both  to  freshly  brought-down  precipitates  and  to  tiiose  which  have  stood  in  con 
tact  with  the  mother  liquors. 
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Back- titration  was  used  by  choice  in  experiments  carried  out  with  a  large  excess  of  added  potassium  iodate,  when 
the  zirconium  came  down  quantitatively.  When  the  zirconium  did  not  come  down  completely,  the  results  were  cor¬ 
rected  from  determinations  of  the  zirconium  in  the  mother  liquors. 

On  the  basis  of  back  titration,>3  N  HNOs  was  selected  as  the  wash  liquid.  Water  and  alcohol  were  found  unsuitable. 

After  the  precipitate  had  been  separated  by  centrifuging,  it  was  washed  5-6  times  with  wash  liquid,  2-3  times  with 
alcohol  (95^  by  volume)  and  2-3  times  with  ether.  Washing  with  nitric  acid  completely  eliminated  the  excess  potas¬ 
sium  iodate;  the  alcohol  got  rid  of  the  nitric  acid,  and  the  ether  removed  the  alcohol. 

As  was  pointed  out,  the  precipitates  were  analyzed  for  potassium,  zirconium  and  iodate  groups.  In  some  precipi¬ 
tates  the  content  of  crystal  water  was  also  determined  by  drying  at  90-95*,  and  also  the  nitrate  content  by  Devarda's 
method  under  the  conditions  described  by  Hillebrand  and  Lendel  [5].  For  the  latter  analysis,  instead  of  2.5  g  Devarda 
alloy,  4  g  was  taken  to  allow  for  its  consumption  for  reduction  of  iodate  to  iodide. 

Zirconium  was  determined  in  400-500  mg  precipitate;  this  was  dissolved  in  5  ml  concentrated  hydrochloric  acid, 
diluted  to  about  100  ml  with  distilled  water,  and  then  the  iodate  was  reduced  to  iodide  with  ZVjo  hydroxylamine  solu¬ 
tion.  After  decomposition  of  the  iodate,  the  zirconium  was  precipitated  with  ammonia  and  the  precipitated  hydrous 
oxide  was,  as  usual,  washed,  ignited,  and  dried. 

The  potassium  was  determined  in  the  filtrate  from  the  zirconium  hydroxide.  The  filtrate  was  first  evaporated  to 
a  small  volume  in  a  beaker,  and  the  residue  of  liquid  was  transferred  to  a  weighed  porcelain  crucible  and  evaporated 
to  dryness.  The  dry  residue  was  dissolved  in  a  smallvolume  of  distilled  water,  whereupon  addition  was  made  to  the 
solution  of  2-3  drops  of  ZVjo  hydroxylamine  solution.  In  the  event  of  iodate  being  found  in  the  dry  residue  (separation 
of  free  iodine),  the  treatment  with  hydroxylamine  was  repeated  until  the  iodate  had  been  entirely  converted  into  hydri- 
odic  acid  and  it  had  been  removed  by  evaporation  from  the  hydrochloric  acid  solution. 

The  residual  potassium  chloride  was  ignited  to  constant  weight,  and  the  amount  of  potassium  in  the  weighed  sam¬ 
ple  of  zirconium  iodate  precipitate  taken  was  calculated.  The  potassium  content  was  also  determined  by  the  chloro* 
platinate  method. 

The  number  of  iodate  groups  entering  into  the  composition  of  the  precipitate  was  determined  iodometrically  on 
a  60-80  mg  sample.  The  weighed  sample  of  iodate  precipitate  in  a  weighing  bottle  was  dissolved  in  2.5  ml  concen¬ 
trated  (or  5  ml  1:1  diluted)  sulfuric  acid  (complete  solution  of  the  precipitate  sometimes  called  for  brief  heating  on  a 
water  bath).  The  sulfuric  acid  solution  was  diluted  with  water  to  250  ml,  1  g  dry  potassium  iodide  was  added,  and  the 
liberated  iodine  was  titrated  with  an0.05N  (or  slightly  stronger)  sodium  thiosulfate  solution  in  presence  of  starch.  The 
titer  of  the  thiosulfate  was  determined  under  the  same  conditions. 

Numerical  results  of  analysis  of  the  zirconium  iodate  precipitates  were  obtained  in  not  fewer  than  two  experiments 
(in  each  case)  carried  out  under  identical  conditions. 

Compositions  of  precipitates  of  freshly  precipitated  zirconium  iodates.  The  starting  solution  of  zirconium  nitrate 
contained  1.4  g  zirconium  per  liter.  All  the  experiments  were  carried  out  at  room  temperature, which  varied  between 
+15  and  ■t25'  Results  are  set  forth  in  the  table.  When  examining  the  tabulated  data  it  must  be  remembered  that 
at  low  concentrations  of  potassium  iodate  in  the  nitric  acid  solutions,  the  zirconium  partly  came  down  in  the  precipi¬ 
tate.  The  zirconium  iodate  has  a  variable  composition  ,  which  changes  with  changing  concentration  of  potassium 
iodate  and  with  changing  acidity.  At  low  acidities  of  the  solutions‘(pH  2-3)  the  potassium  iodate  concentration  of  the 
solution  scarcely  influenced  the  composition  of  the  precipitate.  Motiiddate  comes  down  both'with  large  and  small 
additions  of  potassium  iodate  (experiments  1-4),  Only  with  very  lar^e  excesses  of  potassium  iodate  in  the  solution 
was  up  to  1.3  iodate  groups  per  atom  of  zirconium  found  in  the  precipitate  (experiment  4),  and  this  was  evidently 
due  to  adsorption  of  potassium  iodkte  by  the  voluminous  precipitate  of  zirconium  monoiodate. 

If  the  acidity  of  the  solution  is  not  too  low,  the  composition  of  the  precipitates  depends  in  the  main  on  the  excess 
of  added  potassium  iodate.  With  low  concentrations  of  potassium  iodate,  part  of  the  zirconium  present  in  the  solution 
forms  moniodate  and  is  thereby  brought  down,  while  the  ctlier  part  remains  in  solution  (experiments  5,  11,  15  and  21). 
The  lower  the  acidity  of  the  solution,  the  greater  is  the  proportion  of  zirconium  which  may  be  brought  down  as  monoi- 
date.  The  conditions  under  which  zirconium  is  quantitatively  brought  down  in  the  precipitate  in  the  form  of  monoidate 
have  been  noted  above. 

On  addition  of  a  large  excess  of  potassium  iodate  to  nitric  acid  solutions  of  zirconium,  only  zirconium  triiodate  is 
detected  in  the  precipitates.  Formation  of  triiodate  is  observed  over  a  wide  range  of  acidities  and  excesses  of  added 
potassium  iodate  (experiments  10,  14,  18-20,  24  and  25). 

By  regulation  of  the  excess  of  added  potassium  iodate  it  is  possible  to  obtain  from  the  nitric  acid  solutions  preci¬ 
pitates  of  intermediate  compositions  with  a  content  of  more  than  one  and  less  than  three  iodate  groups  per  atom  of 
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Composition  of  freshly  precipitated  zirconium  iodates 


Zirconium  concentration  in  the  final  volume  0.00762  mole/liter  (0.6G5  g/liter) 


Experi- 

Concentration  of  10^ 

Fall  in  concentra- 

Content  in  precipitate  (in  ’’h) 

Ratio  of 

ment 

(in  g"ions/liter 

tion  of  lOj  in  solu- 

Zr 

Total 

H»0  (by 

Zr  -.liOi  :  H,0 

No. 

Before  preci¬ 
pitation  of  the 
zirconium 

After  preci¬ 
pitation  of  the 
zirconium 

tion  (by  difference] 

difference) 

pH  2.25 


1 

0.0097 

0.0042 

0.0055 

22.93 

46.07 

69.00 

31 .00 

1  :  1 .05  :  6.83 

2 

0.064 

0.0562 

0.0078 

22.32 

47.10 

69.42 

30.58 

1  :  1.10  :  6.94 

3 

0.107 

0.097 

0.010 

20.91 

48.93 

69.84 

30.16 

1  :  1.28  .  7.31 

4 

0.1 61 

0.152 

0.009 

20.68 

50.89 

71 .57 

28.43 

1  :  1.28  :  6.97 

0.07  N  HNOi 


5 

0.008 

0.0079 

0.0001 

23.27 

41.68 

65.95 

35.05 

1 

0.93 

7.63 

6 

0.024 

0.010 

0.014 

16.60 

63.99 

80.59 

19.41 

1 

2.01 

5.92 

7 

0.050 

0.032 

0.018 

14.61 

68.23 

82.84 

17.16 

1 

2.43 

5.95 

8 

0.077 

0.056 

0.021 

13.71 

69.24 

82.95 

17.05 

1 

2.63 

6.30 

9 

0.111 

0.089 

0.022 

13.65 

74.12 

87.77 

12.23 

1 

2.83 

4.54 

10 

0.152 

0.129 

0.023 

13.51 

76.06 

89.57 

10.43 

1 

2.94 

3.91 

0.5  N  HNOi 


11 

0.0113 

0.0070 

0.0043 

21.89 

48.40 

70.29 

29.71 

1 

1.15  :  6.88 

12 

0.0206 

0.0054 

0.015 

16.71 

64.36 

81 .07 

18.93 

1 

2.03  ;  5.74 

13 

0.033 

0.015 

0.018 

14.62 

67.24 

81 .86 

18.14 

1 

2.40  :  6.29 

14 

0.061 

0.040 

0.021 

12.85 

73.25 

86.10 

13.90 

1 

2.94  :  5.48 

0.99  N  HNQ, 


15 

0.015 

0.015 

- 

23.02 

45.58 

68.60 

31.40 

1 

1.03 

6.91 

16 

0.026 

0.008 

0.018 

17.78 

60.45 

78.29 

21.77 

1 

1.77 

6.20 

17 

0.045 

0.023 

0.022 

13.41 

72.81 

86.22 

13.78 

1 

2.83 

5.21 

18 

0.054 

0.031 

0.023 

12.89 

74.12 

87.01 

12.99 

1 

3.00 : 

5.11 

19 

0.077 

0.053 

0.024 

12.81 

75.58 

88.39 

11.61 

1 

3.08  ; 

:  4.57 

20 

0.350 

0.327 

0.023 

12.77 

76.62 

89.33 

10.67 

1 

3.13  ; 

:  4.23 

5  N  HNO, 


21 

0.037 

0.037 

- 

23.09 

44.11 

67.20 

32.80 

1 

0.96  :  7.20 

22 

0.051 

0,035 

0.016 

15.02 

67.14 

82.16 

17.84 

1 

2.33  :  5.73 

23 

0.059 

0.014 

0.019 

13.30 

74.08 

87.38 

12.62 

1 

2.90  :  4.81 

24 

0.086 

0.063 

0.023  1 

12.90 

76.06 

88.96 

11.04 

1 

3.07  :  4.34 

25 

0.571 

0.547 

0.024 

12.70 

76.29 

88.99 

11.01 

1 

3.13  :  4.39 

zirconium.  The  majority  of  these  precipitates  are  evidently  mixtures  into  which,  in  particular,  enter  zirconium  monoio- 
date  and  triiodate.  When  a  very  high  concentration  of  potassium  iodate  is  formed  in  the  solution,  a  portion  of  the  zir¬ 
conium  (still  in  solution)  forms  triiodate,  and  at  the  same  time  other  precipitates  which  react  with  the  potassium  iodate 
present  in  solution  are  also  transformed  into  triiodate.  Consequently,  when  zirconium  is  precipitated  from  very  weakly 
acidic  solutions,  the  stable  precipitates  are  monoiodates,  while  on  precipitation  from  solutions  containing  a  considerable 
amount  of  acid  the  stable  precipitates  are  triiodates. 

Stable  precipitates  of  zirconium  tetraiodate  are  not  formed,  at  least  not  at  acidities  up  to  7.5  N  and  with 
any  given  concentration  of  potassium  iodate  in  solution.  Potassium  and  nitrate  groups  do  not  enter  into  the  composition 
of  iodates  which  have  been  freshly  precipitated  and  left  for  short  periodsXl-1^^  hours).  Consequently  the  freshly  preci¬ 
pitated  zirconium  iodates  are  hydroxy  compounds.  The  moniodate  and  triiodate  can  be  dried  to  constant  weight  at 
90-95*;  during  the  operation  the  precipitates  turn  slightly  brown,  indicating  partial  breakdown  at  these  temperatures. 

The  loss  of  weight  of  the  moniodate  during  drying  corresponds  to  the  removal  of  4.25  to  4.40  molecules  water;  that  of 
the  triiodate  to  3.90-4.10  molecules. 
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Taking  into  consideration  the  difficulties  resulting  from  partial  decomposition  of  zirconium  iodates  during  dry¬ 
ing,  we  may  assume  that  the  monoiodate  and  iriiodate  each  contain  4  molecules  of  crystal  water.  Experiments  1-4, 

11.  15  and  21  show  that  in  air-dry  samples  or  zirconium  monoiodate  tlie  total  content  of  zirconium  and  iodate  groups  is 
69-70%;  the  remaining  31-30%  corresponds  to  a  content  of  roughly  7  molecules  of  water  (or  3  hydroxyl  groups,  which 
are  not  lost  on  drying,  and  4  molecules  of  water  which  are  lost  at  90-95*).  In  die  triiodate  the  over-all  content  of  zir¬ 
conium  and  iodate  groups  is  88%. 

On  the  basis  of  the  analytical  data,  the  composition  of  zirconium  monoiodpte  may  be  represented  by  ZrfOHJilOs* 

•  4H2O.  and  that  of  the  ui  iodate  by  ZrOH(  103)3 ' 4H2O. 

Zirconium  diiodate  was  not  isolated,  although  it  is  reasonable  to  assume  that  it  exists  and  comes  down  from  nitric 
acid  solutions  after  precipitation  of  the  monoiodate.  Zirconium  diiodate  must  have  the  following  composition: 

Zr( 011)2(103)3*  4H2O.  When  a  large  excess  of  potassium  iodate  is  added,  the  diiodate  (like  the  monoiodate)  changes 
into  triiodate. 


SUMMARY 

1.  Addition  of  potassium  iodate  to  a  solution  of  zirconium  nitrate  causes  precipitation  of  a  hydroxy  compound 
containing  from  one  to  three  iodate  groups  per  atom  of  zirconium.  The  amount  of  combining  iodate  ions  depends 
upon  the  amount  of  added  poussium  iodate  as  well  as  on  the  acidity  of  the  solution.  When  potassium  iodate  is  used  as 
the  precipitant,  zirconium  does  not  form  stable  precipitates  of  tetraiodate. 

2.  When  zirconium  is  precipitated  from  an  aqueous  solution  of  its  nitrate  with  an  aqueous  solution  of  potassium 
iodate  (pH  of  the  mixture  of  solutions  2-3)  the  monoiodate  Zi(OH)ilOi  4H2O  is  formed.  The  composition  of  the  preci¬ 
pitates  changes  somewhat  with  a  large  excess  of  potassium  iodate  in  the  solution,  probab^  due  to  adsorption  of  potas¬ 
sium  iodate. 

3.  Zirconium  comes  down  from  nitric  acid  solutions  in  the  form  of  an  iodate  of  variable  composition.  When  a 
small  amount  of  potassium  iodate  is  added,  part  of  the  zirconium  comes  down  asthe  monoiodate  with  composition  as 
above.  When  a  large  excess  of  potasaum  iodate  is  added,  only  the  triiodate  Zr0H(I03)3  *  4H2O  is  detected  in  the  pre¬ 
cipitate. 

By  regulating  the  excess  of  added  potassium  iodate,  it  is  possible  to  obtain  precipitates  with  intermediate  compo¬ 
sitions  containing  more  than  one  and  less  than  three  iodate  groups  per  atom  of  zirconium. 

4.  Zirconium  triiodate  is  formed  from  zirconium  nitrate  as  well  as  from  precipitates  of  hydroxyiodates  containing 
fewer  than  three  iodate  groups  per  atom  of  zirconium.  In  the  latter  case,  the  hydroxyl  groups  (all  but  one)  are  replaced 
by  iodate  groups.  Zirconium  triiodate  is  formed  over  wide  intervals  of  acidities  and  of  concentrations  of  potassium  io¬ 
date  in  the  solution. 
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REACTION  OF  BARIUM  TITANATE  WITH  FLUORIDES  AND 


PYROPHOSPHATES  OF  SODIUM  AND  POTASSIUM 

M.L,  Sholokhovich  and  I.N.  Belyaev 


Sodium  fluorides  and  pyrophosphates  are  some  of  the  best  solvents  for  barium  titanate  in  melts  [1],  For  this  rea¬ 
son  the  investigation  of  the  reaction  of  BaTiOs  with  these  salts  in  melts  is  a  matter  of  special  interest  both  for  the 
purposes  of  growing  single  crystals  of  BaTiOj  from  molten  media  and  for  clarification  of  the  mechanism  of  reaction 
of  fluorides  and  pyrophosphates  with  barium  titanate,  the  chemistry  of  which  has  hitherto  received  little  consideration. 
The  need  for  a  many-sided  approach  to  the  investigation  of  the  properties  of  BaTiOs  has  already  been  demonstrated 
[2.  3], 

Melts  of  BaTiOs  with  flutwides  and  pyrophosphate  of  sodium  or  potassium  are  complex  multicomponent  systems 
(Na,  Ba  TiO,,  F,  P,Ot).  Graphically  such  systems  may  be  represented  by  prisms  (Fig.  1).  In  this  paper  we  submit 
the  results  of  investigation  by  the  visual -polythermic  method  of  fusion  to  1100*  of  the  internal  sections  of  these 
prisms;  namely,  the  sections  Na4F4-Na4P2O7-(BaTi0i)2  and  K4F4-K4P2O7-(BaTi0i)j. 

Starting  substances.  Polycrystalline  BaTiOj  was  prepared  by  two  fusions  of  chemically  pure  BaCOj  with  Ti02  in 
stoichiometric  ratios;  the  sodium  and  potassium  fluorides  were  analytically  pure  grades  with  melting  points  of  982* 
(NaF)  and  865*  (KF).  Sodium  and  potassium  pyrophosphates  were  prepared  by  igniting  chemically  pure  Na2HP04  and 
K2HPO4.  The  melting  points  were  994*(Na4P20j)  and  1099*  (K4P2O7).  All  data  are  expressed  in  equimolar  percentages. 


Fig.  1.  Prisms  of  the  complex  systems  Na,  Ba||  TiOs,  F,  P20y  and  K,  Ba||  TiOs,  F,  P2O7. 

Section  of  Na^F^  ~  N^PzOt  ~  (BaTiOa); 

The  sides  Na4F4-  Na4P202  and  Na4F4-  (BaTi03)2  (Figs.  2  and  3)  are  simple  eutectic  systems. 

The  side  Na4P202  ~  (BaTi03)2  (Fig.  2)  is  not  a  stable  section  of  the  reciprocal  system  tBaTi03)2  +  Na4P20r  = 

—  Ba2P202  +  (Na2Ti03)2. 

Optical  examination  of  the  phases  crystallizing  in  the  system  in  the  range  up  to  1100*  failed  to  reveal  crystals  of 
BaTi03.  10  internal  cuts  through  the  system  Na4F4~  Na4P207  “  (BaTi03)2  were  investigated.  Data  for  the  cuts  are  set 
forth  in  Table  1. 

The  surface  of  crystallization  of  the  section  Na4F4—  Na4P20;  “  (BaTi03)2  up  toll00*is  represented  in  Fig.  4. 

Fig.  5  is  the  projection  of  the  lines  of  common  crystallization  of  the  system  on  the  side  Na4F4~  Na4P207. 

It  follows  from  the  data  obtained  diat  the  surface  of  crystallization  of  the  section  Na4F4—  Na4P202-  (BaTi03)2 
up  to  a  temperatureof  1100* comprises  four  fields: 

1)  iNa4P202  and  2)  NaF,  occupying  respectively  3.05  and  8.10%  of  the  area  of  the  system;  3)  phases  not  established 
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1 


4 


Fig.  2.  Sides  of  sections  through  die  complex  systems. 
1)  KiPjOr-fBaTiOslz,  2)  Na4P20T  -  (BaTiOjlz.  3j 
K4F4  -  (BaTiOs)2.  4)  Na^F^  -  ( BaTiOslj . 

(SolL0^)g^ 


Fig.  3.  Sides  of  sections  through  .the. complex  systems, 
1)  Na4F4-Na4P207,  2)  K4F4-K4P1O7. 

E)  eutectic  points;  Pj -transition  point; 

A-3K4F4  .I^PjOt. 


Na4F4  -  Na4P207  -  (BaTiOj)2. 
Explanation  in  text. 


phosphate. 
Explanation  in  text. 


by  US;  and  4)  BaTiOs,  ocpupying  the  greater  part  of  the  system.  The  system  contains  two  quaternary,  univariant  points: 
point  n  corresponding  to  48%  Na4P207,  8%  BaTiQj,  44%  NaF  and  776*.  and  point  m,  corresponding  to  64*^0  Na4P207,  3.5% 
BaTiOj.  32.5%  NaF  and  714*. 
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TABLE  1 

Special  points  of  the  internal  cuts 


Cut  Composition  of  starting  mix-  Points  of  intersection  of  bran- 

Number !  ture  of  cuts  in  the  direction  ches  of  crystallization  of  the 


i 

of  barium  titanate 

various  phases 

Point 

No. 

BaTiO 

(mole-*7o) 

Tempera' 

ture 

To  section  Na4F4“ 

Na4P20f 

■"  Ba(Ti03)2 

I  i 

82.5*7o  Na4F4  +  17.5*70  Na4P20j 

5.5 

£20* 

II  1 

75*7o  Na4F4  +  25*7o  Na4P207 

5.0 

886 

III  j 

65*7o  Na4F4  +  35*7o  Na4P202 

6.5 

844 

IV  ■ 

60*7o  Na4F4  +  40<7o  NaP207 

6.5 

822 

V 

50*7o  Na4F4  +  50*7o  Na4P202 

8.0 

776 

VI 

45*7o  Na4F4  -h  55 7o  Na4P207 

1 

4.5 

764 

2 

10.0 

910 

VII 

40*7o  Na4F4  +  60*7o  Na4P207 

1 

3.5 

748 

2 

12.5 

950 

VIII 

32.5*7o  Na4F4  +  67.5*7o  Na4P202 

1.5 

726 

IX 

25*7o  Na4F4  +  75*7o  Na4P20T 

2.5 

776 

X 

15*7o  Na4F4  +  85  *7o  Na4P202 

3.5 

828 

1 

To  section  K4F4  “  K4P2OJ  —  (BaTi03)2 

I 

90*7o  K4F4  +  10*7o  K4P2CV 

4.5 

798 

II 

80<7o  K4F4  +  20*7o  K4P20r 

8.5 

770 

III 

77.5*7o  K4F4  +  22.5*7)  K4P2O2 

1 

5.5 

776 

2 

9.0 

768 

IV 

74*7o  K4F4  +  26*70  K4P2O, 

1 

2.5 

776 

2 

i  9.0 

790 

V 

70*7o  K4F4  +  30*7o  K4P2O2 

1 

1  3.0 

770 

2 

j  9.5 

832 

VI 

60*7o  K4F4  +  40*7o  K4P2O2 

1 

!  2.5 

753 

2 

12.5 

796 

VII 

50*7o  K4F4  -I-  50*7>  K4P2O2 

1.5 

710 

VIII 

40*7o  K4F4  +  60*7o  K4P2O7 

•  1.5 

745 

IX 

30*7o  K4F4  +  70*7o  K4P20r 

2.0 

804 

X 

25*7o  K4F4  -H  75*7o  K4P2O2 

2.5 

920 

XI 

15*7o  K4F4  -t-  85*7o  K4P2CV 

4.5 

980 

J 


Consequently,  the  system  Na4F4~  Na4P207  —  (BaTiOs)^  is  an  unsuble  section  of  the  prism.  For  the  purpose  of 
growth  of  single  crystals  of  BaTiOs  from  compositions  heated  to  a  maximum  of  1100*,  use  may  be  made  of  the  can- 
positions  [Na4F4  ~  Na4P207]-*'  (BaTiOs)2,  in  which  the  amount  of  Na4P20;  does  not  exceed  50<%. 

Section  K4F4  K4P2OT  (BaTiOa)? 

Of  the  sides  of  the  section,  only  the  side  of  K4F4—  (BaTi03)2  (Fig.  2)  is  a  simple  eutectic  system.  The  side 
KiP20r  ~  (BaTi03)2  (Fig.  2)  evidently  contains  a  product  of  exchange;  it  was  optically  established  that  the  phase  cry¬ 
stallizing  at  temperatures  between  814  andllOO^s  not  barium  titanate.  In  the  system  K4F4“  K4P2O7  (Fig.  3)  there 
is  formed,  in  contrast  to  the  corresponding  sodium  system,  a  compound  3K4F4  '  K4P2O2,  melting  with  decomposition 
at  812*.  An  investigation  was  made  of  11  internal  cuts  (see  table).  In  Fig.  6  is  represented  the  surface  of  crystalli¬ 
zation  uf  to  1100  "of  the  system  K4F4—  K4P20f -(BaTi03)2.  In  Fig.  7  is  shown  the  projection  of  the  surface  of  crys¬ 
tallization  of  this  system  on  to  the  K4F4—  K4P2O2  side.  We  see  that  the  surface  of  crystallization  of  the  section 
K4F4—  K4P20j~  (BaTi03)2  comprises  five  fields  (Table  2). 

The  greater  part  of  the  surface  of  the  system  is  occupied  by  BaTiC^, 

In  the  section  K4F4-  K4P2O2  -  (BaTi03)2  field  4  (evidently  an  exchange  product)  has  penetrated  deeply  into 
the  system.  The  system  contains  3  univariant  points;  point  m^rat  19*^  K4P2O7,  lO.Sflto  KF,  10.5*70  BaTiC^  and  780",  n 
at  24*70  K4P2O2,  73.5<7o  KF,  2.5*7)  BaTiO^,  768*;  and  point  m*  at  54*7o  K4P2O7,  45*7)  KF,  1.0*7)  BaTiO^  and  695*. 
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It  should  be  noted  that  on  cooling  of  compositions  corresponding  to  cut  II  80%  K4F4  +  20%  K3P2O7  -►  (BaTiOs)2, 
the  barium  titanate  crystallizes  considerably  more  easily  than  on  cooling  of  melts  consisting  only  of  a  mixture  of  KF 
and  (BaTiPs)2.  On  complete  cooling  of  mixtures  corresponding  in  composition  to  cut  II,  two  layers  are  clearly  formed, 
the  upper  one  of  which  is  BaTiOs. 


SUMMARY 

1.  A  study  was  made  up  to  1100*  by  the  visual-polythermic  method  of  the  surface  of  crystallization  of  the  sys¬ 
tems  Na^F “■  Na4P202  “  (BaTiO])2  and  K4F4”  K4P2O7  “■(BaTi03)2. 

2.  In  the  binary  system  K4F4~  K4P2O7 ,  in  contrast  to  the  corresponding  system  with  participation  of  sodium 
salts,  was  found  a  compound  3K4F4  *  K4P20r  which  melts  with  decomposition  and  also  appears  conspiciously  inside 
the  section  K4F4—  (BaTiOs);  — K4P2O2. 

3.  It  was  established  that  the  systems  Na4F4  -  Na4P207  -  (BaTi03)2  and  K4F4  -  KiP207  -  (BaTi03)2  are  unstable 
sections  of  the  prisms  Na,  Ba||  F,  P2O7,  TiOs  and  K,  Ba  j|  F,  PsOj.TiOs. 
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THE  PREPARATION  AND  SOME  PROPERTIES  OF  PHOSPHO-9- 


MOLYBDATES  (  L  U  T  E  O  PH  OS  PH  O  MO  L  Y  BD  A  T  E  S  )  OF  RUBIDIUM  AND  CESIUM 

E.A.  Nikitina  and  O.N.  Sokolova 


Some  heteropoly  acids  give  difficultly  soluble  rubidium  and  cesium  salts  and  fairly  highly  soluble  salts  of  potas¬ 
sium,  sodium  and  magnesium.  Investigation  of  the  composition  and  solubility  of  these  rubidium  and  cesium  salts  is 
of  definite  interest. 

In  the  foreign  literature  [1]  a  method  was  published  some  while  ago  for  quantitative  determination  of  rubidium 
and  cesium  with  the  help  of  luteophosphomolybdic  acid.  Since  we  have  worked  out  in  detail  [2]  a  method  of  prepara¬ 
tion  of  this  heteropoly  acid,  and  since  its  potassium  and  sodium  salts  are  soluble,  it  appeared  expedient  to  make  a 
critical  evaluation  of  the  proposed  method. 

The  authors  of  the  paper,  O’Leary  and  Papish,  described  a  method  of  {reparation  of  luteophosphomolybdic  acid 
Hi^[P202(Mo20j)9]  •  XH2O,  which  consisted  in  heating  commercial  phosphomolybdic  acid  H7[P(Mo207)j]'  XH2O  at  300- 
350*  with  continuous  stirring  until  the  yellow  color  had  changed  completely  to  green;  the  cooled  acid  was  extracted 
with  water;  the  reduced  solution  was  oxidized  with  bromine  water  and  slowly  eva{}orated.  Large  yellow  crystals  came 
down  which  the  authors  assumed  to  be  luteophosphomolybdic  acid.  They  did  not  report  an  analysis  of  the  crystals. 

Precipitation  of  rubidium  and  cesium  was  effected  with  the  help  of  luteophosphomolybdic  acid  prepared  in  the 
above  fashion. 

An  attempt  by  the  authors  to  establish  the  formula  of  the  prepared  cesium  salt  revealed  that  it  is  closer  to  the 
com{X)sition  of  the  hexa- substituted  salt  than  to  the  dodeca -substituted  salt.  As  the  authors  admit,  the  analysis  cannot 
be  considered  satisfactory  since  the  composition  of  preparations  obtained  in  presence  of  excess  of  one  of  the  oom{»n- 
ents  differs  from  that  of  preparations  isolated  in  presence  of  an  excess  of  the  other.  Moreover,  in  both  cases  the  sum 
of  the  components  was  less  than  100%  if  reckoned  on  the  MoOs  and  more  if  reckoned  on  the  M02O7. 

The  cesium  content  of  the  prepared  samples  was  15  and  11%  calculated  on  the  anhydrous  composition.  Instead 
of  representing  the  composition  of  the  salt  by  the  appropriate  formula  on  the  basis  of  analysis  of  the  prepared  salt,  the 
authors  (ignoring  the  analytical  data)  assumed  that  they  had  obtained  an  actual  salt  of  luteophosphomolybdic  acid, 
and  they  attributed  to  it  the  formula  CS3PO4  *  9M0O3  (in  the  anhydrous  form)  or  the  same  formula  with  7  molecules  of 
water  in  the  hydrated  form;  the  first  of  the  proposed  formulas  corresponds  to  a  cesium  content  of  22.3%;  the  second  to 
20.8%. 

We  see  from  the  data  submitted  that  the  amount  of  cesium  found  does  not  cprrespond  to  the  quantity  of  the  lat¬ 
ter  in  the  trisubstituted  salt  of  luteophosphomolybdic  acid  in  question.  The  rubidium  salt  was  not  analyzed. 

Our  systematic  study  shows  that  ^e  method  of  O'Leary  and  Papish  cannot  lead  to  luteophospihomolybdic  acid 
without  considerable  contamination  with  die  saturated  heteropoly  compound.  Actually,  on  heating  saturated  phospho¬ 
molybdic  acid  to  300-350*,  dehydration  occurs  as  well  as  partial  breakdown  of  the  compxiund.  The  px'oducts  of  de¬ 
composition  in  this  case  are  molybdic  oxide  and  me ta phosphoric  acid. 

During  subsequent  treatment  with  water,  the  remaining  saturated  pihosphomolybdic  acid  naturally  passes  into 
solution  together  with  the  whole  of  the  metap^osphoric  acid  which  had  been  formed  by  breakdown  of  the  complex, 
while  the  molybdenum  oxide  is  pvecipitated. 

The  solution  obtained  after  separation  of  the  latter  will  contain  free  phosphoric  acid.  It  was  demonstrated  that 
saturated  phosphomolybdic  acid  in  aqueous  solution,  in  presence  of  phosphoric  acid,  partially  changes  into  luteophos- 
homolybdic  acid.  This  process  took  place  also  in  the  experiments  of  O'Leary  and  Papish  who  isolated  a  mixture  of 
both  acids  and  used  it  for  determination  of  rubdium  and  cesium. 

If  O’Leary  and  Papish  had  made  their  observations  on  the  basis  of  analytical  results,  they  would  have  been  con¬ 
vinced  that  the  data  obtained  by  them  are  in  fairly  good  agreement  with  those  calculated  for  the  trisubstituted  salt  of 
saturated  phosphomolybdic  acid  Cs3H4[P(Mo207)j]'  XH2O,  which  corresponds  to  a  cesium  content  of  17.9%  reckoned  on 
the  anhydrous  composition  of  the  salt.  Evidently  the  cesium  salt  of  saturated  phosphomolybdic  acid  is  less  soluble  than 
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the  analogous  salt  of  lutephosphomolybdic  acid,  and  if  both  acids  were  present  in  the  solution  with  whose  help  the  pre¬ 
cipitation  was  effected,  then  a  salt  of  sa.turated  phosphomolybdic  acid  would  be  precipitated. 

The  authors  of  the  cited  paper  overlooked  these  facts.  Although  unable,  in  the  absence  of  analyses  of  the  pre¬ 
pared  salts,  to  prove  the  value  of  the  proposed  method  of  determination  of  rubidium  and  cesium,  they  nevertheless 
ventured  tc  recommend  luteo -phosphomolybdic  acid  as  a  reagent  for  quantitative  determination  of  rubidium  and  cesium. 

EX  PERIMENTAL 

For  die  purpose  of  proving  the  erroneousness  of  the  proposed  procedure,  we  synthesized  the  rubidium  and  cesium 
salts  of  luteo-  and  saturated  phosphomolybdic  acids  and  determined  their  solubility  in  water  at  25*. 

P2O5  was  determined  by  the  pyrophosphate  method  under  the  conditions  described  by  Rakovsky  and  Nikitina  [4]. 

Water  was  determined  by  igniting  a  weighed  amount  of  the  salt  to  constant  weight  after  perliminary  drying  at 

100*. 

For  determination  of  Rb20  and  CS2O,  the  solution  of  salts  was  precipitated  with  quinoline  hydrochloride  [5];  af¬ 
ter  removal  of  the  heteropoly  anion,  the  filtrate  was  evaporated  to  dryness  and  ignited  to  constant  weight;  from  the 
weight  of  chlorides  obtained  die  amount  of  Rb20  and  CS2O  was  calculated. 

Using  the  published  method  [3],  preparation  was  first  carried  out  of  saturated  phosphomolybdic  acid  in  which  the 
water  and  PjO^  were  determined.  Results  of  the  analysis  are  set  forth  in  Table  1.  The  M0O3  content  was  found  by  dif¬ 
ference. 

Addition  of  the  prepared  acid  to  a  dilute 
(1%)  rubidium  chloride  solution  produced  a  pale- 
yellow  precipitate  which  was  filtered,  washed 
until  there  was  a  negative  reaction  for  chlorine 
ion  in  the  wash  liquor,  and  dried  in  the  air. 

The  cesium  salt  of  saturated  phosphomoi- 
lybdic  acid  was  prepared  in  a  similar  manner. 
Both  preparations  were  analyzed  for  their  content 
of  water  and  P2O6:  the  P2O5  content  based  on  the 
anhydrous  compxisition  was  (in  <7o):  for  the  rubi¬ 
dium  salt  3.22,  for  the  cesium  salt  3.14. 

The  P2C)5  content  oftiie  rubidium  salt  of  saturated  phosphomolybdic  acid,  calculated  from  the  formula  3Rb20  * 

*  P2O5  *  24MoO)  is  3.41<%;  that  of  the  analogous  cesium  salt  is  3.2<^.  Consequently  we  had  prepared  the  trisubstituted 
salts  of  saturated  phosphomolybdic  acid. 

The  solubility  of  bodi  salts  in  water  at  25*  was  studied.  The  solubility  of  the  rubidium  salt  was  0.021,  and  that 
of  the  cesium  salt  was  0.013‘7(\  i.e.  these  salts  of  saturated  phosphomolybdic  acid  are  sparingly  soluble  in  water. 

In  addition  we  synthesized  the  rubidium  and  cesium  salts  of  luteophosphomolybdic  acid.  They  were  isolated  in 
the  form  of  pale-yellow  solids  by  adding  an  excess  of  saturated  soluticxi  of  luteophosphomolybdic  acid  to  a  nearly 
saturated  solution  of  rubidium  or  cesium  chloride. 

The  prepared  salts  were  pressed,  washed  with  iced  water  until  free  from  chlorine  ion  (test  on  wash  liquors),  and 
analyzed  for  their  cemtent  of  water,  P2O5,  Rb20  and  CS2O. 

The  M0O3  content  was  found  by  difference. 

The  analytical  results  show  that  hexa- substituted  salts  of  luteophosphomolybdic  acid  were  obtained.  The  solu¬ 
bility  of  both  salts  in  water  at  25*  was  then  determined.  Withdrawal  of  samples  for  analysis  of  the  liquid  and  solid 
phase  was  effected  by  the  usually  accepted  methods.  The  content  of  Rb20  and  CsjO  was  determined  in  the  solid 
phase;  analysis  confirmed  that  there  was  equilibrium  between  the  liquid  phase  at  me  specified  temperature  and  the 
same  hexa -substituted  rubidium  and  cesium  salts  of  luteophosphomolybdic  acid  Rb3He[P2O2(M02O7)9]  ’  XH2O  and 
Cs,H,[P202(M020t),]  •  xHjO. 

The  results  of  the  investigation  are  set  forth  in  Table  3. 

The  determination  of  the  solubility  of  the  rubidium  and  cesium  salts  of  luteo-  and  saturated  phos[^omolybdic 
acid  in  water  at  25*  showed  that  salts  of  saturated  [^osphomolybdic  acid  are  slightly  soluble;  salts  of  luteophospho¬ 
molybdic  acid  are  fairly  soluble  and  cannot  be  used  for  analytical  purposes;  hence  the  results  entirely  refute  the 


TABLE  1 


Analysis  of  saturated  phosphomolybdic  acid 


Component 
of  acid 

Found 

(in 

Calculated  on 
anhydrous  com¬ 
position  (in  <7o) 

Calculation  from  formu 
P2O5  •  24M0O3 
(in  <7o) 

HjO 

12.88 

- 

- 

P2O5 

3.42 

3.93 

3.95 

M0P3 

83.70 

96.07 

96.05 
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TABLE  2 


Analysis  of  cesium  and  rubidium  salts  of  luteophosphomolybdic  acid 


Component  I 

rm 

Rubidium  salt  | 

Component 

Cesium  salt 

of  salt  1 

... 

Found  1 
(in  %). , 

Calculated  on  1 
,  anhydrous  com- 
sition 

Calculated  on  hexa-' 
substituted  salt 

of  salt 

Found 

Calculated  on 
anhydrous  com- 
sition 

Calculated  on  hexa- 
substituted  salt 

HzO 

11.13 

— 

— 

H2O 

10.87 

— 

— 

P2O5 

3.90 

4.39 

4.31 

P2O5 

3.51 

3.94 

3.97 

RbjO 

15.24 

17.15 

17.02 

CS2O 

-21.14 

23.72 

23.62 

M0O3 

69.73 

78.46 

78.67 

M0O3 

-64.48 

72.34 

72.41 

TABLE  3 

Solubility  of  rubidium  and  cesium  salts  of  luteophosphomolybdic 


acid  in  water  at  25 

• 

Salt  of  luteophos*- 

Composition  of  liquid  phase 

Composition  of  crystal 

phomolybdic  acid 

(grams  of  salt  in  100  g  solu¬ 
tion) 

hydrate  (in  moles  H2O) 

Rubidium 

4.17 

11.13 

Cesium 

1  5.08 

10.87 

recommended  method  of  determi¬ 
nation  of  rubidium  and  cesium. 

A  suitable  reagent  for  rubidium  and 
cesium  (in  the  absence  of  potassium) 
would  be  saturated  phosphomolybdic 
acid  since  its  rubidium  and  cesium 
salts  are  sparingly  soluble. 

SUMMARY 

1.  The  hexa- substituted  rubi¬ 
dium  and  cesium  salts  of  luteophos¬ 
phomolybdic  acid  were  prepared. 


2.  The  solubility  in  water  of  these  salts  at  25*  was  determined. 

3.  The  solubility  in  water  of  the  trisubstituted  rubidiu  mand  cesium  salts  of  samrated  phosphomolybdic  acid 
was  determined:  it  was  established  diat  these  salts  are  sparingly  soluble. 

4.  It  was  shown  that  luteophosphomolybdic  acid  cannot  be  utilized  as  a  reagent  for  quantiutive  determination 
of  rubidium  and  cesium 

5.  Saturated  phosphomolybdic  acid  can  serve,  in  the  absence  of  potassium,  as  a  reagent  for  rubidium  and  cesium 
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ADI  AGONAL-BELT  TYPE  COMPOSED  OF  THE  SULFATES  AND 
MOLYBDATES  OF  LITHIUM  AND  POTASSIUM 

A.G.  Bergman,  A. I,  Kislova  and  E.I.  Korobka 

Th'j  ternary  reciprocal  system  of  the  sulfates  and  molybdates  of  lithium  and  potassium  is  a  part  of  the  surface  of 
crystallization  of  the  quaternary  reciprocal  system  of  the  sulfates  and  molybdates  of  lithium,  potassium  and  sodium 
which  we  have  studied. 


EXPERIMENTAL 

The  investigation  was  carried  out  by  the  visual-polythermal  method.  The  temperature  of  crystallization  of  the 
melts  was  determined  in  a  platinum  crucible  with  a  Pt-Pt,  Rh  thermocouple  and  a  galvanometer  with  a  scale  reading 
to  17  mV.  The  accuracy  of  the  determination  was  1-2*.  The  melts  were  stirred  with  a  platinum  stirrer.  The  sulfates 
used  were  chemically  pure  grades,  twice  recrystallized.  The  molybdates  were  prepared  from  ammonium  paramolyb- 
date  and  the  respective  carbonates.  Our  data  for  melting  points  of  the  molybdates  agreed  with  the  literature  data.  All 
the  salts  were  thoroughly  dehydrated, prior  to  use. 

The  binary  systems  (Table  1  and  3,  Fig.  1 )  Li2S04  —  K2SO4,  KjMoQi  —  KjSQ*  and  LijMoQj  —  KJM0Q4,  were  previously 
investigated  by  Nacken  and  Amadori  [1  ]  and  other  authors.  We  repeated  their  determinations.  Our  results  do  not  differ 
substantially  from  those  of  the  earlier  investigators.  The  system  LiiMoQi  —  LiiSQj,  now  studied  by  us  for  the  first  time, 
is  a  simple  eutectic  system. 

A  polymorphic  transformation  of  lithium  molybdate  was  detected  at  630*.  No  clearindications  of  its  existence 
appear  in  the  literature  [2];  in  all  cases,  however,  of  investigation  of  both  the  binary  systems  and  the  cuts  with  parti¬ 
cipation  of  lithium  molybdate,  we  clearly  differentiated  the  change  of  phase  at  630*  accompanied  by  the  appearance 
of  a  break  on  the  curve. 

The  diagonal  sections  LijMoQi  “  KjSQ*  and  Li2S04  ~  KJM0O4  (Tables  1  and  3,  Fig.  2)  pass  through  the  field  of  the 
complex  compound  Li2S04  •  KjSQi;  hence  they  are  not  stable  and  do  not  participate  in  the  triangulation  of  the  system. 

1 0  internal  cuts  were  investigated  in  the  reciprocal  system  (Tables  2  and  4,  Figs.  3,  4  and  5).  The  presence  was 
established  of  8  fields  of  crystallization,  the  area  of  the  square  being  apportioned  as  follows;  fields  of  components  ~ 
a-Li2S04  2.44*^,  B-UjSQt  3.8Cf^,  a-LijMoQt  2.9^,  6-Li,MoQ4  18  4tf^,  e-KjSQ*  0.81*!^  fields  of  compounds - 
Li2S04  •  K2SO4  23.3^,  Li2Mo04  •  K2M0O4  6.7*/^,  field  of  solid  solutions  KiPvIoOk,  a-SQi]  43.3^ (jointly  with  the 
fields  of  the  components  a-K2S04  and  K2M0O4  —  products  of  decomposition  of  the  solid  solutions).  The  greater  part 
of  the  area  of  the  square  is  occupied  by  fields  of  complex  compounds. 

The  transverse -belt  cut  IV  (Fig.  4),  composed  of  the  complex  compounds  Li2S04  •  K2SO4  and  Li2Mo04  •  K2M0O4, 
located  on  opposite  sides  of  the  square  of  composition  (Fig.  6),  constitutes  a  simple  eutectic  system  and  divides  the 
square  of  composition  into  two  tetragons.  The  tetragons  are  subjected  to  a  secondary  triangulation  by  the  sections  ex¬ 
tending  from  the  vertices  of  the  compounds  to  the  vertex  of  the  oppositely  located  component.  The  diagonals,  however, 
as  shown,  do  not  participate  in  the  triangulation;  hence  in  the  classification  of  Bergman  and  Bukhalova  [3]  the  system 
belongs  to  the  type  of  adiagonal-belt  systems.  Such  systems  occur  in  cases  when  the  reaction  of  exchange  decomposi¬ 
tion  between  the  components  of  the  system  gives  way  to  the  reaction  of  lotniation  of  complex  compounds  at  two  oppo¬ 
site  sides  of  the  square  of  composition,  i.  e.,  in  out  system  we  have 

2Li,Mo04  +  2K,S04  -►  LijSQj  ‘  K,S04  +  LiiMoQ*  *  K2M0O4. 

The  system  contains  three  eutectic  points  and  one  transition  point  (Table  5). 

The  invariant  points  and  the  lines  of  common  crystallization  of  the  components  and  their  compounds  have  been 
projected  on  to  the  side  of  the  K2M0O4  —  K2SO4  square  (Fig.  7).  On  the  projection  are  also  reflected  the  polymorphic 
transformations  of  the  three  components  of  the  system;  potassium  sulfate  at  596*,  lithium  sulfate  at  574*,  and  lithium 
molybdate  at  630*  (straight  lines). 
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TABLE  1 


Sides  and  diagonal  sections  of  the  reciprocal  system 


Binary  systems  and 
diagonal  sections 

Starting 

component 

Melting 
point  of 
starting 
component 

Component 

added 

Crystallization  branches  and  their  points  of 
intersection 


Branch  1  Intersection 

of  1  and  2 

A*  I  B** 


Table  1  continued 


Crystallization  branches  and  their  points  of  intersection 


Intersection  Branch  3 
of  2  and  3 
B 


Meltinff  point 


eutectic  No. 


Branch  4 

Intersection 

of  4  and  5 

Branch  5 

■91 

B 

13 


TABLE  2 


Internal  cuts  of  the  reciprocal  system 


Cut 

Num¬ 

ber 

Starting  mixture  of 
components  (in 

Melting  point  of 
starting  mixture 

Component 
added ,  .  ■  ■ 

1  Crystallization  branches  and  their 

1  intersection  points 

n  'Branch  !  ‘ 

Intersection  of 

1  and  2 

A  • 

B** 

I 

SO^KjMoQi  +  50<^i2MoO4 

569 

K2SO4 

Li2Mo04  '  K2M0O4 

16,5 

!  521 

11 

90<^Li2MoO4  +  10^K2Mo04 

658 

K2SO4 

CL  ~L^2^4oO^ 

4.5 

630 

in 

45<^K{S04  +  55  iqMo04 

924 

Li2Mo04 

KiCMoQ*.  a-SQ*] 

43 

492 

IV 

50^Li2MoO4  +  50%K2MoO4 

569 

Li2S04  •  K2SO4 

Li2Mo04  * 

29 

496 

:V 

49^K2Mo04  -t-  55<^i2Mo04 

559 

Li2S04 

Li2Mo04  •  I^Mo04 

22 

483 

VI 

62.5K2M0O4  +  37,5Li2Mo04 

594 

Li2SC^ 

K2[MoO^  d  "SO4] 

5,5 

541 

vn 

25^^)Li2MoO^  “f 

646 

K2Mo04 

a  “Li2S04 

3.5 

574 

VIII 

40^Li2MoQ^  +  GO^LijSQ^ 

572 

K2SO4 

d  -Li2Mo04 

23 

488 

IX 

50^Li2SQ4  50^^280^ 

736 

Li2Mo04 

Li2SQ|  •  K2SQ^ 

53.5 

498 

X  1 

12.5Li2Mo04  +  87.5Li2S04 

750 

K2S04 

d  *”Li2SO^ 

8.5 

574 

TABLE  3 


Temperature  of  start  of  crystallization  of  melts  of  binary  systems  and  diagonal  sections* 


Binary  systems  | 

1  Diagonal  sections 

Li2S04- 

-  K2SO4 

KjM004 

-  K2SO4 

LijMoOi- 

-  KtMoQt 

1  Li?MoOi  ^^LijSOi  1 

LiiMoQi  • 

LitSQ*- 

K2  MoO^ 

Oh 

Tempe- 

%  1 

Tempe- 

Tempe- 

‘5b 

'Tempe- 

% 

Tempe- 

ojo 

Tempe- 

KiSOi 

rature 

K-SOj  ^ 

rature 

K2M0O4 

rature 

LigSQt 

rature 

K2SO4 

rature 

KgMoO^ 

rature 

5 

760 

10 

912 

10 

658 

10 

682 

5 

671 

5 

718 

10 

645 

20 

906 

12.5 

641 

20 

664 

10 

638 

9 

598 

12 

592 

25 

903 

15 

628 

25 

654 

12 

628 

12.5 

556 

13 

572 

35 

909 

18 

611 

35 

632 

15 

615 

21 

484 

15 

561 

45 

924 

20 

602 

40 

622 

25 

549 

22 

500 

19 

540 

50 

933 

25 

578 

50 

599 

32.5 

494 

25 

542 

21 

536 

60 

954 

30 

543 

60 

572 

35 

497 

35 

585 

25 

588 

70 

978 

35 

523 

63 

566 

40 

533 

40 

591 

35 

694 

75 

993 

40 

546 

65 

572 

[  50 

569 

45 

585 

45 

732 

80 

1002 

45 

561 

67.5 

588 

55 

579 

50  ' 

565 

50 

736 

90 

1038 

50 

569 

75 

642 

57.5 

582 

55 

526 

55 

728 

55 

559 

80 

687 

59 

592 

56 

I  519 

60 

713 

60 

559 

60 

612 

58  j 

549 

61 

720 

64 

619 

70 

743 

60 

565 

70 

810 

70 

691 

75 

814 

62 

582 

75 

864 

80 

783 

85 

924 

75 

727 

80 

908 

90 

859 

90 

855 

*  The  number  of  experimental  points  is  considerably  reduced  (Figs.  1  and  2). 

*  •  In  the  table  ate  included  the  most  important  cuts.  The  number  of  points  is  cut  down  (Figs.  3  and  4), 
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Table  2  continued 


Crystallization  branches  and  their 
oints  of  intersection 


I  Intersection 
of  2  and  3 


Branch  3 


Intersection  Brdhch  4  '  Intersection]  Blanch'S 
of  3  and  4  of  4  and  5  j 

^  A  B  I 


1  Cut  IV  1 

1  Li2Mo04 

K2M0QI  1 

-*  Li2S04  '  K2SO4 

cT" 

4) 

2 

#  • 

-  21 

d' 

E 

a 

H 

10 

546 

15 

536 

25 

510 

30 

500 

35 

519 

45 

556 

572 

■1 

60S 

638 

27.5  507 
35  543 


Cut  VII  1 

25^  Li2Mo04 
LijSQi 

B 

-► 

K,MoO 

11 

V 

a 

s 

21 

E 

4) 

H 

Cut  IX 


Li2Mo04  -*■ 

Li2S04'K2SQ 


are  included  the 


number  of  points  is  cut  down 
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TABLE  5 


Compositions  and  temperatures  ot  the  invariant  points 


Designa-  j  Character  Tempe- 

tions  of  I  of  points  rature 


1  Composition  (in  mole-%)  | 

L^MoQj 

iqMo04 

Lij»SQ| 

Equilibrium  phases 


3  “LijSo^ 

,  LI2SQ1 

1  ^  ~Li2N4oO^ 

S*Li2MoQ|,  Li2SO^  *  Li^MoQ^  ' 

iC2  N40O4, 

Li2SO^ 

•  KjSQj,  Li2Mo04  •  Kj 

Li2S04  • 

KeS04. 

K2N40Q4,  0  — K2SO4 

574  53Z 

756  7IZ 

513  569  5»7 


Fig.  5.  Direction  of  internal  cuts. 


HzMoOa 


105  650  5G3  591  3 

‘ixMoQ*  K';l^^oC 

Fig.  6.  Projection  of  the  diagram  of  the  reci- 
t  rocal  system  on  to  the  square  of  composition. 


a-b 


ft 

z 


fMoCifll  50 

■'  MOjjE  % 


Fig.  7,  Projection  of  the  crystallization  tree  on  to  the 
KjMoQj—  K2SO4  side. 

a)  a-Li3»Mo04.  b)  6  -Li2MoQ4,  c)  a  -K2SO4.  d)  K2M0O4, 
e)  6  -K2SO4.  f)  Li2S04.  g)  6-Li2S04: 

Cj  -  LijSQj  KjSQj.  Cj  -  Li2Mo04  -  K2M0O4.  Cj  “ 

-  K2[Mo04^  -SO4]. 


SU  MMARY 

1.  The  surface  of  crystallization  of  the  ternary 
reciprocal  system  of  the  sulfates  and  molybdates  of 
lithium  and  potassium  was  investigated  by  the  visual- 
polythermal  method. 

2.  For  the  first  time  a  study  was  made  of  the 
binary  system  Li2Mo04—  Li2S04,  which  constitutes  a 
simple  eutectic  system  with  a  eutectic  point  at  564' 
and  62.5%  Li2S04. 

3.  A  special  feature  of  the  system  is  the  for¬ 
mation  of  complex  compounds  at  two  opposite  sides 
of  the  square:  Li2S04—  K2SO4  and  Li2Mo04  •  K2M0O4. 
The  transverse,  so-called  "belt",  section  constituted 
by  these  complex  compounds  forms  a  simple  eutectic 
system  and  is  stab!  e;  it  divides  the  square  of  compo¬ 
sition  into  two  tetragons.  Further  triangulation  of  the 
tetragons  into  simplex  figures  is  effected  by  sections 
constituted  by  complex  compounds  and  the  oppositely 


situated  components.  One  of  them,  Li2S04  *  KjjSQi—  Li2Mo04,  is  stable.  On  the  basis  of  the  foregoing  observations, 
the  system  belongs  to  the  eutectic  type  of  adiagonal-belt  systems.  Consequently  the  reaction  of  formation  of  com¬ 
plexes  distributed  over  two  opposing  sides  of  the  square  predominates  over  the  reaction  of  exchange  decomposition. 

The  diagonal  sections  are  not  stable  and  do  not  participate  in  the  triangulation  of  the  system. 

4.  The  solid  solutions  formed  on  the  side  of  the  square  of  compositions  between  the  components  a-K2S04  and 
K2M0O4  also  extend  inside  the  system,  out  with  increasing  ccxitent  of  the  third  component  they  become  unstable  and 
break  down. 
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EXPERIMENTAL  DETERMINATION  OF  THE  EQUILIBRIUM  CONSTANT  OF  THE 


REACTION  OF  DECOMPOSITION  OF  MAGNESIUM  HYDROXIDE 

G.M.  Zhabrova  and  B.M.  Kadenatsi 


In  the  literature  on  the  decomposition  of  magnesium  hydroxide  and  its  thermodynamic  characteristics  there 
are  no  direct  experimental  data  on  the  determination  of  the  equilibrium  constant  of  this  reaction.  The  temperature 
dependence  of  the  equilibrium  constant  is  unknown;  also,  there  is  some  discrepancy  between  the  existing  values  of 
the  thermal  effect  of  the  reaction.  For  example,  according  to  the  data  of  Fricke  and  Liike  fl]  the  heat  of  formation 
(Ojj)  of  magnesia  from  the  hydroxide,  determined  calorimetrically  from  indirect  data,  ranges  from  18.62  to  21.34 
kcal;  according  to  Johnston  [2]  the  value  is  13.10  kcal;  according  to  Mixter  [3]  it  is  9.4  kcal. 

Thermochemical  calculation  on  the  basis  of  Hess  law,  using  existing  tables  of  data  [4,  5]  (AH®Mg(OH)2  ~ 

=  218.7  kcal ,  AH®Mgo  =  146.1  kcal  andAH®H20  =  57.8  kcal,),  •  gives  a  value  of  14.8  kcal. 

In  view  of  the  contradictory  character  of  existing  literature  data,  it  was  of  interest  to  undertake  a  direct  experi¬ 
mental  investigation  of  the  equilibrium  constant  of  the  reaction  of  dehydration  of  magnesium  hydroxide  over  a  wide 
temperature  range. 

Dehydration  of  magnesium  hydroxide  is  an  endothermic  process  proceeding  with  separation  of  one  product  in 
the  gas  (vapor)  phase:  Mg(OH)2  =  MgO  +  H20(gas), 

Consequently  the  magnitude  of  the  equilibrium  constant  in  this  case  is  governed  by  the  equilibrium  value  of  the 
fugacity  of  water  vapor  over  a  mixture  of  solid  magnesia  and  magnesium  hydroxide. 

The  apparatus  selected  for  measurement  of  the  equilibrium  fugacity  of  the  vapor  consisted  of  a  high-pressure 
bomb  (volume  135  ml)  placed  in  an  electric  furnace, and  a  pressure  gage. 

The  set-up  is  illustrated  in  Fig.  1.  In  order  to  avoid  condensation  of  water  vapor  in  the  inner  chamber  (Bourdon 
chamber)  of  the  pressure  gage,  the  latter  was  filled  with  water.  The  narrow  connecting  tube  between  the  gage  and  the 
head  of  the  bomb  was  likewise  filled  with  water.  A  platinum-platinorhodium  thermocouple  was  fixed  to  the  body  of 
the  bomb  for  measurement  of  temperature.  Magnesium  hydroxide  was  prepared  by  treating  magnesium  sulfate  with 
caustic  alkali  and  washing  the  precipitate  free  from  sulfate  ions  before  drying  to  constant  weight  in  a  thermostat  at 
150*.  The  water  content  of  the  magnesium  hydroxide  was  30.9*70.  i,e„the  theoretical  amount.  The  experimental  pro¬ 
cedure  was  as  follows.  Small  tablets  of  the  prepared  magnesium  hydroxide  were  carefully  screened  to  remove  powdery 
hydroxide,  which  could  choke  the  connecting  tube  (during  measurements),  and  placed  in  the  bomb.  The  amount 
charged  into  the  bomb  was  120  ml  (about  60  g). 

Before  the  start  of  the  measurements,  the  whole  apparatus  was  tested  for  tightness;  then  the  electric  furnace  was 
switched  on,  and  with  the  help  of  a  transformer  the  necessary  temperature  was  established;  then  the  measurements  were 
performed. 

As  fecial  exneriments  at  450*  showed,  equilibrium  pressure  was  established  after  3  hours;  at  500-650*  it  was 
established  in  1.5-2  hours.  The  magnitudes  of  the  equilibrium  pressure  at  various  temperaturea  are  shown  in  the  table. 

The  dependence  of  the  equilibrium  pressure  on  the  temperature  is  plotted  in  Fig.  2. 

Utilizing  the  isochoric  equation 

d  In  Ky  Qy 

- -  =  (1) 

dT  Rr 

where  Ky  —  is  the  equilibrium  constant  at  constant  volume;  Q  is  the  thermal  effect  of  the  reaction  at  constant  volume 
we  can  determine  the  thermal  effect  of  the  reaction. 


*  ah®  —  is  the  change  of  heat  content  accompanying  the  reaction  of  formation  of  1  mole  of  a  given  substance 
from  the  elements  in  their  standard  state. 
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Values  of  equilibrium  pressure  of  water  vapor  in  the  decompo¬ 
sition  of  magnesium  hydroxide  at  various  temperatures 


Temperature 

Pressure  f*'atm.l 

380* 

34 

430 

64 

475 

100 

516 

140 

550 

200 

600 

298 

650 

420 

For  this  purpose  Equation  (1)  was  taken  in 
the  integrated  form; 

Ov 

hi  Ky  =  In  Pequil.  ~  ®  (2) 

As  we  see  from  Fig.  3,  the  dependence  of  the 
logarithm  of  the  equilibrium  pressure  on  the  recipro¬ 
cal  of  the  temperature  is  well  expressed  by  a  straight 
line,  indicating  substantial  constancy  of  Qy  over  tlie 
range  of  temperatures  studied. 

The  magnitude  of  the  thermal  effect,  calcu¬ 
lated  from  the  tangent  of  the  angle  of  slope  of  the 


Fig.  1.  Diagram  of  apparatus  for  determination  of 
equilibrium  pressure  of  water  vapor 

straight  line,  is  11,000  cal/mole,  wliile  B  is  5.24. 
Equation  (2)  thus  acquires  the  form: 


log  Kv  =  log  .5,24,  ,3) 

SUMMARY 

1.  The  equilibrium  pressure  and  equilibrium  constant  of 
the  decomposition  of  magnesium  hydroxide  in  the  temperature 
range  of  380-650*  were  determined. 

2.  On  the  basis  of  experimental  data  and  using  the 


^atm 


Temperature 

Fig.  2.  Dependence  of  equilibrium 
pressure  of  water  vapor. during  decom¬ 
position  of  magnesium  hydroxide  on 
the  temperature. 


Fig.  3.  Dependence  of  the  logarithm  of 
the  equilibrium  constant  of  the  decompo¬ 
sition  of  magnesium  hydroxide  on  the 
reciprocal  of  the  temperature. 
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isochore  equation,  a  value  of  11,000  cal/ mole  was  found  for  the  thermal  effect  of  the  reaction. 
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HETEROTRIACIDS 

III.  SILICOTUNGSTOVANADIC  ACID 

A. I.  Kokorin  and  N.A.  Polotebnova 


Due  to  the  formation  in  an  acidic  medium  of  the  sparingly  soluble  tungstic  acid,  the  synthesis  of  heteropoly 
acids  containing  tungsten  proceeds  .  v/ith  considerably  greater  difficulty  than  the  preparation  of  analogous  com¬ 
pounds  of  molybdenum. 

This  difficulty  is  eliminated  by  a  number  of  authors  [1]  in  the  preparation  of  silicotungstic  acid  by  preliminary 
conversion  of  the  tungstate  used  for  the  synthesis  into  an  acid- soluble  para  tungstate  by  careful  neutralization  with 
strong  acids  of  the  hot  solution  of  the  normal  tungstate.  The  resultant  reaction  proceeds  according  to  the  equation; 

12Na2W04  +  14HC1  =  SNajjO  •  I2WO3  +  14NaCl  +  THjO. 

It  was  quite  natural  to  use  this  preparative  method  for  the  synthesis  of  silicotungstovanadic  acid.  Starting 
from  the  previously  prepared  sodium  paratungstate,  silicate  and  metavanadate,  Gritskaya  carried  out  a  large  number 
of  experiments  on  the  preparation  of  the  heterotri  acid  by  the  etherate  method,  and  a  large  number  of  factors  bear¬ 
ing  upon  the  process  of  separation  of  the  compound  concerned  in  the  free  state  were  investigated.  With  various 
ratios  of  starting  substances  in  a  weakly  acid  medium,  with  boiling,  the  solution  in  all  cases  had  a  yellow  color. 

This  distinguished  it,  above  all,  from  the  solutions  that  we  obtained  under  similar  conditions  during  preparation  of 
all  other  heterotriacids  containing  vanadium,  the  color  of  which  was  bright-red. 

In  preparing  the  etherate  from  this  yellow  solution,  a  [xecipitate  began  to  form  even  at  an  acidity  of  0.8  N 
hydrochloric  acid,  and  the  size  of  the  precipitate  increased  on  supplementary  addition  of  acid.  In  some  experiments 
a  small  amount  of  colorless  etherate  was  obtained,  evidently  silicotungstic  acid.  The  VjOj”  radical  did  not  enter 
the  complex  ion.  We  also  failed  to  obtain  silicotungstovanadic  acid  by  reaction  under  various  conditions  of  excess 
of  vanadate  with  prepared  silicotungstic  acid.  However,  a  simple  change  in  the  procedure  for  the  preparation,  namely, 
neutralization  of  normal  sodium  tungstate  with  hydrochloric  acid  in  presence  of  silicate  (two-fold  excess)  under  other¬ 
wise  identical  conditions,  led  to  formation  of  a  silicotungstovanadic  complex  which  gave  an  etherate.  On  shaking 
this  solution  with  ether  in  a  hydrochloric  acid  medium  (4  N)  there  was  formed  a  relatively  small  quantity  of  yellow 
etherate  from  which,  after  its  decomposition,  could  be  isolated  crystals  of  yellow  color.  Judging  by  the  color  of  the 
crystals,  vanadium  was  present  in  the  form  of  the  VO3  ~  radical.  Analysis  showed  that  vanadium  was  present  in  ex¬ 
tremely  small  amount,  the  ratio  of  V  to  W  being  1;34.  It  is  perfectly  obvious  that  the  introduction  of  vanadium 
under  these  conditions  is  only  effected  with  great  difficulty. 

We  carried  out  further  investigations  on  the  detennination  of  the  most  favorable  conditions  for  maximum  in¬ 
troduction  of  vanadium  into  the  complex  ion  of  silicotungstovanadic  acid  of  the  saturated  type.  We  were  able  to 
establish  that  the  synthesis  is  successful  if  we  start  not  from  paratungstate  but  from  a  product  containing  anions  of 
metatungstic  acid. 

Formation  of  anions  of  metatungstic  acid  from  normal  tungstate  proceeds  according  to  the  equation; 

W04‘  +  3WO3  =  iy40ij' 

On  the  basis  of  the  equation,  each  gram  of  Na2W04  *  2N2O  requires  2.3  g  H2WO4.  In  our  experiments  we  grad¬ 
ually  added  to  a  boiling  solution  of  normal  sodium  tungstate,  with  constant  stirring,  powdered  tungstic  acid  until 
a  small  amount  of  acid  remained  unreacted  under  these  conditions.  The  amount  of  the  latter  introduced  was  1  g  per 
gram  of  sodium  tungstate,  i.e..the  above  reaction  did  not  proceed  to  completion.  After  filtration,  addition  was  made 
to  the  resultant  mixture,  heated  to  boiling  in  a  conical  flask,  of  a  hot  mix  ture  of  solutions  of  sodiuir.  metavanadate 
(NaV03)  and  soidum  silicate  (Na2SiOs  *  91^0).  The  solution  in  the  flask  immediately  turned  an  orange  color.  The 
ccaitents  of  the  flask  were  boiled  with  {>eriodical  addition  of  water  so  that  the  volume  of  liquid  temeined  unchanged. 

A  study  of  the  influence  of  the  duration  of  boiling  on  the  course  of  synthesis  showed  that  silicotungstovanadic  acid 
may  be  formed  after  only  5-10  minutes'  boiling,  but  in  that  case  the  yield  of  etherate  is  considerably  reduced  because 
formation  of  the  latter  is  accompanied  by  precipitation  of  tungstic  acid, which  contaminates  the  etherate.  Good  re¬ 
sults  are  obtained  by  boiling  for  1  hours. 
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After  boiling  for  the  specified  period,  dropwise  addition  is  made  (without  lifting  the  flask  from  the  hot  plate) 
of  sufficient  H2SO4  (1:1)  to  impart  an  acidity  of  10-12  N  H2S04.  The  contents  of  the  flask  are  then  cooled  under 
the  tap  and  transferred  to  a  separating  funnel;  ether  is  added  and  the  mixture  shaken.  The  resultant  drops  of  orange - 
colored  etherate  fall  to  the  bottom  of  the  funnel.  Moreocomplete  separation  of  etherate  can  be  achieved  if  toward 
the  end  of  the  shaking  a  further  small  amount  of  HjSQj  (1:1)  is  introduced.  The  separated  etherate  is  washed  with 
ION  H2SO4  saturated  with  ether,  and  after  thorough  cooling  it  is  placed  in  a  shallow  crystallizing  dish.  The  ether¬ 
ate  is  decomposed  by  addition  of  water  until  "boiling-up"  ceases.  The  residual  ether  is  driven  off  by  careful  heating 
in  water  at  60-70*.  On  standing  for  about  24  hours,  orange  crystals  of  silicotungstovanadic  acid  are  formed  and  are 
separated  from  mother  liquor  by  filtration  through  a  funnel  with  a  porous  base  before  drying  on  a  watch  glass  at  room 
temperature. 

In  some  of  our  preparative  experiments  we  took  the  following  amounts  of  starting  substances:  N2SO4  '  2H2O- 
16.5  g:  NaVOs"  5.8  g;  and  Na2SiOs  *  9H2O—  2.8  g.  These  amounts  were  calculated  from  the  ratio  Si-:  W;:  V  = 

=  1  :  10  :  4,  i.e.  the  amount  of  vanadate  was  twice  as  large  as  is  required  by  the  formula  Hg[Si{W207)5V205].  The 
optimum  volume  of  solution  in  which  the  complex  was  prepared  by  boiling  was  50-60  ml.  At  higher  dilutions  the 
yield  of  etherate  decreases.  Prior  to  the  boiling,  2  ml  H2SO4  (1  :1)  was  added,  and  after  1  ^2  hours  75  ml  was  added. 
The  yield  of  product  was  70 of  the  theoretical. 

Analysis.  The  water  of  crystallization  in  the  synthesized  compound  was  determined  by  drying  and  by  the  hydride 
method. 

Silicon  was  determined  from  the  loss  in  weight  of  the  sum  of  the  oxides  after  working  up  with  hydrofluoric  acid 
under  the  previously  described  conditions  £2]. 

For  determination  of  vanadium  and  tungstea  a  weighed  amount  of  the  heterotriacid  of  the  order  of  0.7-g  was 
dissolved  in  a  100  ml  measuring  flask. 

The  vanadium  was  determined  in  10  ml  of  the  prepared  solution  after  decomposing  the  silicotungstovanadic 
complex  with  25  ml  of  a  mixture  of  equal  volumes  of  H2S04(d  1.84),  H3PO4  (d  1.7)  and  water.  Heating  was  carried 
out  until  the  solution  had  acquired  a  blue  color.  Water  was  then  added  to  make  up  the  volume  to  50  ml  and  titra¬ 
tion  was  performed  with  Mohr’s  salt  in  presence  of  phenylanthranilic  acid  until  the  blue-violet  color  disappeared. 

In  another  aliquot  portion  (10  ml)  of  the  solution  was  determined  the  sum  of  tungsten  and  vanadium.  This  was 
done  by  transferring  the  solution  to  a  fuimel  of  200  ml  capacity  fitted  with  a  bottom  ground- glass  tap  and  a  side  tap 
(also  ground-glass)  situated  one-third  of  the  way  down  from  the  stopper.  The  side  tube  was  connected  to  a  10  ml 
receiver  filled  with  freshly  boiled  water  saturated  with  carbon  dioxide.  Into  the  funnel  was  introduced  10  ml  lead 
amalgam  and  40  ml  HCl  (d  1.19);  it  was  then  heated  in  a  beaker  containing  hot  water  (80-90*),  the  funnel  being 
arranged  with  the  open  stopper  on  its  side  so  that  it  was  supported  by  the  walls  of  the  beaker.  Heating  was  carried 
out  for  5-10  minutes,  and  then  carbon  dioxide  was  passed  in  through  the  side  tap  from  a  Kipp's  apparatus  (with  half- 
opened  tap)  and  the  futmel  was  vigorously  shaken  (10-15  minutes)  until  Ae  solution  had  a  khaki  color.  After  reduc¬ 
tion  of  the  tun^ten  to  the  trivalent  and  vanadium  to  the  pentavalent  form,  the  amalgam  was  transferred  to  the 
receiver  .and  the  solution  into  a  twofold  excess  of  standard  0.05  N  potassium  bichromate  solution,  the  lead  from  the 
Kipp's  apparatus  haviqg  been  connnected  to  the  side  tap  of  the  funnel  and  the  lower  tap  of  the  funnel  to  a  glass  tube 
extending  to  the  bottom  of  the  vessel  containing  the  bichromate  solution.  In  this  way  the  vanadium  was  oxidized  to 
the  tetravalent  form  and  the  tungsten  to  the  hexavalent  form  which  was  precipitated  as  tungstic  acid.  The  excess  of 
bichromate  was  titrated  with  thiosulfate  solution  in  presence  of  0.2  g  potassium  iodide  and  starch  until  appearance  of 
a  grey-green  color  (with  a  yellow  tinge). 

Knowing  the  total  of  tungsten  and  vanadium  and  the  amount  of  vanadium  separately,  the  tungsten  could  be  cal¬ 
culated  by  difference. 

In  the  following  table  are  set  forth  the  results  of  analysis  of  three  specimens  of  synthesized  hetetotriacld.  For 
the  sake  of  brevity  we  only  give  the  weights  taken  for  determination  of  the  silica  content;  the  content  of  the  other 
components  and  of  water  of  crystallization  was  calculated  from  these  weights. 

Products  obtained  by  utilizing  paratungstate  and  metatungstate  as  starting  substances  are  readily  soluble  in  watei; 
and  in  presence  of  inorganic  acids  they  do  not  form  a  precipitate  of  tungstic  acid. 

Treatment  with  ifilo  solution  of  o-hydroxyquinoline  in  acetic  acid  brings  down  yellow  precipitates  even  at  an 
acidity  reaching  1.3  N  HCl,  whereas,  from  the  separately  taken  sodium  vanadate  and  sodium  tungstate,  vanadium 
comes  down  at  an  acidity  not  exceeding  0.001  N  and  tungsten  at  an  acidity  not  exceeding  10*^  N.  Analysis  of  the 
precipitates  obtained  in  a  hydrochloric  acid  medium  showed  that  the  ratios  of  SiO^:WOs;V20$  scarcely  differed  from 
the  ratios  found  for  aqueous  solutions  of  the  heterotriacidi'  in  question,  as  seen  from  Table  2  in  which  are  set  forth 
the  mean  values  of  the  three  analyses. 
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TABLE  1 


Results  of  analysis  of  silicotungstovanadic  acid 


Specimen 

Weight 

SiO^ 

. _ WQl _ 

HjO 

Ratio 

Number 

1  (in  g) 

(mole) 

1  (g) 

(mole) 

(fi) 

(mole) 

(g)  (mole) 

SiOs  :  WOs  :  V5Q5  :  H,0 

1 

0.779 

0.0135 

0,00022 

0.550 

0.00237 

0.041 

0.00022 

0.102  0.00566 

1  :  10.8  :  1  :  26 

2 

0.771 

0.012 

0.00022 

00 

a> 

0.00215 

0.042 

,  0.00  023 

.0.140  0.00777 

1  :  9.8  :  1.1  :  35 

3 

0.854 

0.015 

0.00024 

|0.548 

0.00237 

0.056 

;  0.00031 

,0.159  j  0.00883 

1  :  9.9  :  1.3  :  37 

EVALUATION  OF  RESULTS 


Heterotriacid 

! 

Analysis  of  solution 

! 

1 

Analysis  of  precipitate  All  our  studies  of  the  synthe- 

from  0“hydroxyquino-  sis  of  silicotungstovanadic  acid 

line  showed  that  the  decisive  factor 

SiCL  :  WO3  : 

SIO^  :  WOs  :  VjOfe  in  the  ftKination  of  the  heteroion 

Prepared  from  paratungstate 
Prepared  from  metatungstate 

1  :  34  ;  0.5 

1  :  10.2  :  1 

^  g  g  Q  g  of  the  given  compound  is  the  nature 

of  the  tungstate  anion  used  as  start- 
1  :  10.1  ;  0.98  u  ^  ,  r  .  r 

ing  substance.  During  formation  of 

silicotungstic  acid,  the  transition  of 
normal  tungstate  into  paratungstate 

is  not  accompanied  by  formation  of  precipitated  tungstic  acid  in  the  [wocess  of  formation  of  the  etherate,  whereas 
this  effect  does  not  arise  in  the  present  case.  The  silicotungstovanadic  acid  separated  by  employing  paratungstate 
differs  sharply  from  other  vanadic  heterotriacids  synthesized  by  us  by  virtue  of  its  color  and  its  very  low  ctmtent  of 
vanadium;  evidently  it  belongs  to  another  series  of  compounds.  The  tendency  to  crystallize  and  the  precipitating 
action  of  o- hydroxy  quinoline  indicate  that  it  is  an  individual  substance. 

An  entirely  different  result  is  obtained  on  synthesis  after  preliminary  conversion  of  tungstate  into  metatungstate. 
Tungstic  acid  is  then  not  precipitated  during  formation  of  the  etherate.  Introduction  of  vanadium  proceeds  without 
special  difficulties.  The  resultant  compound  is  bri^t-red,  justifying  the  conclusion  that  the  VjiQj”'  radical  was  in¬ 
troduced.  Analyses  of  three  samples  of  synthesized  products  show  that  they  are  all  heterotriacids  of  the  saturated 
type  —  Hg[Si(WjC^)sVyOfe]  *  nH.  O.  Slight  deviations  in  the  ratio  of  WOs  :  =  10:1  are  clearly  explained  by  the 

dfficulty  of  accurate  determination  of  small  amounts  of  vanadium  in  presence  of  a  large  content  of  tungsten. 

The  great  difference  between  the  crystal  water  content  of  the  first  specimen  on  the  one  hand  and  the  sectxid 
and  third  specimens  on  the  other  is  accounted  for  by  the  conditions  of  crystallization;  observations  show  that  the 
slower  the  crystallization  the  higher  the  crystal  water  content  of  the  hydrates. 

SUMMARY 

1.  Conditions  were  established  forthe-synthesis  by  the  etherate  method,  and  silicotungstovanadic  acid  was  iso¬ 
lated  in  the  crystalline  form. 

2.  It  is  shown  that  the  decisive  factor  for  synthesis  of  this  acid  is  previous  conversion  of  normal  tungstate  into 
me  ta  tungstate. 

3.  Determination  of  the  composition  of  the  heterotriacid:  indicated  that  it  may  be  represented  by  the  formula 
HjESifWjiOylgVsDe]  •  nH-O,  where  n  =  26-37. 
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STUDY  OF  THE  REACTIONS  OF  P  OL  YT  H  lO  N  AT  ES 


WITH  THE  HELP  OF  LABELED  SULFUR 
I.  REACTION  OF  TRITHIONATES 
A. I.  Brodsky  and  R.K.  Eremenko 


Many  studies  have  been  devoted  to  the  reactions  of  formation  and  decomposition  of  polythionates.  The  com¬ 
plex  processes  of  their  transformations  with  participation  of  sulfides,  sulfites,  thiosulfates  and  elemental  sulfur  are 
not  easily  amenable  to  study  by  the  usual  chemical  methods.  Up  to  now  their  study  has  been  limited  to  the  deter¬ 
mination  of  the  composition  of  the  reacting  mixtures,  to  its  change  with  time  and  to  the  isolation  of  the  products 
formed.  These  data  do  not  permit  us  to  draw  decisive  conclusicxis,  as  can  be  seen  from  the  abundance  of  diverse  and 
ctxitradictory  concepts  of  the  course  and  intermediate  steps  of  these  reactions. 

The  application  of  isotopic  methods  is  bound  to  introduce  greater  clarity  into  this  problem.  Up  to  the  time  of 
commencement  of  our  research,  only  one  investigation  had  been  published  [1]  on  the  decomposition  of  tetrathionate 
with  sulfite  using  labeled  sulfur.  In  1952-1953  other  papers  appeared  which  used  this  method  for  studying  the  reac¬ 
tions  of  decomposition  of  tetrathionate  with  sulfide  and  with  mercuric  chloride  [21  the  decomposition  of  polythion¬ 
ates  with  caustic  alkali  [S'),  and  the  formation  of  sulfur  in  the  Wackenroder  reaction  [4]. 


Below  are  presented  the  results  of  a  study  of  the  mechanism  of  reactions  of  formation  of  trithionate  with  the 
help  of  radiosulfur. 


EXPERIMENTAL 

Decomposition  of  trithionate.  Potassium  trithionate  was  prepared  by  the  three  methods  described  below  from 
compounds  containing  radiosulfur  in  specific  positions.  For  establishment  of  their  position  in  the  prepared  trithionate, 
the  latter  was  decomposed  by  boiling  with  potassium  carbonate  solution  according  to  the  over-all  reaction; 

SjOj”  +  CC^'  =  5*0,"  +  504"+  CC^. 

The  distribution  of  activity  in  the  thiosulfate  was  found  by  converting  the  latter  into  the  silver  salt,  which  was 
decomposed  by  boiling  with  water; 

SjO;”  +  2Ag  +  H2O  =  AgjS  +  SO^'  +  2H=^. 

From  previous  studies  [5,  6]  it  is  known  that  in  this  process  the  outer  (sulfide)  atom  of  sulfur  of  the  thiosulfate 
passes  into  silver  sulfide  and  the  inner  (sulfite)  atom  into  sulfuric  acid,  and  also  that  there  is  no  exchange  between 
both  atoms  of  sulfur  eithei  inthe  thiosulfate  itself  or  in  the  process  of  its  decomposition.  We  confirmed  this  both  by 
special  experiments  and  by  the  data  of  Tables  1  and  5  in  which  the  whole  activity  of  the  original  sulfur  passes  into 
the  final  silver  sulfide. 

The  sulfate  resulting  from  decomposition  of  the  tridiionate  was  precipitated  with  strontium  nitrate.  In  die  first 
experiments  considerable  error  was  introduced  due  to  part  of  the  sulfate  remaining  in  solution  and  then  changing  into 
thiosulfate.  In  the  final  experiments  the  residue  of  sulfate,  following  precipitation  with  SrSQi,  was  removed  from  the 
filtrate  by  careful  addition  of  BaCl2  until  cloudiness  no  longer  appeared.  After  this,  the  thiosulfate  was  precipitated 
with  excess  of  BaCl2.  The  precipitated  barium  thiosulfate  was  washed  with  alcohol  and  dried.  A  weighed  amount  of 
the  barium  thiosulfate  was  then  dissolved  in  hot  water  and  converted  into  sodium  thiosulfate  by  addition  of  the  cal¬ 
culated  amount  of  sodium  sulfate.  After  this  the  thiosulfate  was  perfectly  pure.  All  the  described  operations  do  not 
lead  to  change  of  the  iostopic  content  since  the  sulfates  do  not  exchange  sulfur  with  sulfites*  thiosulfates  [6,  7]  and 
trithionates.  We  failed  to  detect  any  exchange  witfi  the  latter  at  25*  after  26  hours. 

Measurement  of  activity.  In  the  first  experiments  the  activity  of  the  precipitates  was  measured  directly;  this 
led  to  poor  reproducibility.  In  the  final  experiments  the  activity  of  the  sulfate  resulting  from  decomposition  of  tri¬ 
thionate  was  measured  in  die  form  of  SrSQj,  while  that  of  all  the  remaining  compounds  and  of  elemental  sulfur  was 
measured  in  the  form  of  benzidine  sulfate  after  Carius  oxidation.  For  this  purpose,  an  ampoule  containing  15  mg 
sample.  15  mg  NaBr  and  0.2  mg  cone.  HNOs  was  heated  1  hour  at  300*;  the  contents  of  the  ampoule  were  then  dis¬ 
solved  in  water  and  evaporated  on  a  water  bath,  and  the  residue  dissolved  in  10  ml  water  and  6  ml  alcohol.  The 


solution  was  precipitated  with  the  calculated  amount  of  benzidine  chloride  solution  (5  g  in  40  ml  1  N  HCl  with  addi¬ 
tion  of  50*!^)  alcohol  to  a  volume  of  250  ml).  The  precipitate  was  washed  on  the  filter  and  dried;  4  mg  precipitate 
was  spread  out  on  a  small  circle  of  filter  paper  on  a  plexiglas  support  which  was  then  pushed  into  the  groove  of  a  stand 
fitted  with  a  counter-tube.  The  reproducibility  of  the  measurements  was  approximately  2-4%.  In  the  tables  are  set 
forth  the  number  of  impulses  above  the  background  in  5  minutes,  calculated  for  1  mg  sulfur.  If  the  number  of  impulses 
above  the  background  did  not  exceed  30  (for  a  total  number  of  3,000-15,000),  the  activity  was  considered  zero. 

Trithionate  from  sulfur  dichloride  and  bisulfite.  Chlorination  of  active  sulfur  was  undertaken  at  200-250*. 

To  the  resultant  S2CI2  was  added  a  little  sulfur,  and  it  was  purified  by  distillation.  The  137-138*  fraction  with  addi¬ 
tion  of  1%  carbon  was  chlorinated  at  0*.  The  excess  chlorine  was  removed  by  blowing  002  through.  The  trithionate 
was  prepared  by  the  procedure  of  Stamm  and  Goehring  [8].  SO^  was  passed  with  cooling  into  a  solution  of  16  ml  5  N 
KOH  until  the  reaction  was  neutral.  To  this  solution  was  added  in  small  portions  a  solution  of  2  g  active  SCI2  in  30 
ml  ligroine.  Cooled  solutions  were  employed,  and  during  the  reaction  the  temperature  did  not  rise  above  10*.  At 
the  end  of  the  reaction  and  on  cooling  to  0*.  the  precipitated  potassium  trithionate  was  recrystallized  from  water, 
washed  with  alcohol  and  then  with  ether,  and  dried  in  the  air.  It  did  not  give  reactions  tor  Cl”,  SO3',  SO4  and 
higher  polythionates. 

Results  of  two  experiments  on  the  preparation  and  decomposition  of  trithionate  are  set  forth  in  Table  1.  Decom¬ 
position  of  the  individual  samples  was  performed  twice.  As  seen  from  a  comparison  in  Table  2,  the  activity  of  the 
trithionate  was  of  that  of  the  original  sulfur.  Its  decomposition  does  not  give  active  sulfate  and  thiosulfate  in  which 
the  sulfide  sulfur  is  inactive,  but  the  sulfide  sulfur  has  the  same  activity  as  the  original  sulfur.  If  the  latter  is  assumed 
to  be  unity,  then  the  data  obtained  exactly  correspond  to  the  scheme: 

^  1  1  1 

2S  +  CI2  “  52CI2;  S2CI2  +  CI2  “  2i)Cl2, 

1  0  ..  0  1  0 

SCI2  +  2H3O3  =  O33  •  S  •  503*+  2cr  +  2H+, 

01. 0. 

-O3S  *  S  •  SO3  +  CO3  =  S  •  SO3  +  SO4  +  COfe, 

10-..  10 

S  •  SO3  +2Ag'^  +  HjO  =  AgzS  +  SO4  +  2H^. 


TABLE  1 

Trithionate  from  SCI2  +  HSO3 


Experiment  Number 

Activity  (impulses  in  5  minutes  per  mg  S) 

Original 

S2CI2 

SClz 

Trithionate 

Sulfate  from^ ' 

'  Ag2S  from  final  ' 

Sulfate  from  final 

s  1 

i 

trithionate  j 

thiosulfate  ! 

thiosulfate 

(A)._ 

(B.) 

(B) 

(C) 

^  (E)  1 

i  (F)  i 

(G) 

Experiment  la  i 

1705  1 

i 

1 

1700  ! 

1  1 

i 

1  1675 

1 

570 

0  ' 

1  1660 

0 

Experiment  lb  / 

1695 

1  ; 

0 

Experiment  2a  ^ 

2840 

1 

2795  j 

1  2825 

970 

i 

1  0 

1 

i  2735 

i  ° 

Experiment  2b  / 

i  2765 

1  1 

0 

TABLE  2 

Trithionate  from  SCI2  +  HSOs 


Experiment  Number 

1  Ratio  of  activities 

A/B 

A/C  1 

A/F 

F/C 

Experiment  la  1 

1.02 

2.99 

1  1.03 

2.91 

Experiment  lb  j 

'  1.01 

2.98 

Experiment  2a  1 

1.01 

2.93 

1.04 

2.82 

Experiment  2b  ) 

1 .03 

2.85 

Taken 

1 

sr 

1 

1  ^ 

Trithionate  from  thiosulfate  and  sulfur  diox- 

ir 

ide.  For  preparation  f  Na23  '  SO3  with  labeled 
sulfur  in  an  external  position,  a  solution  of  20  g 
KOH  in  40  ml  water  was  saturated  with  SC^  to  a 
weakly  acidic  reaction,  and  then  the  same  amount 
of  KOH  solution  was  added.  The  sulfite  content 
was  determined  iodometrically.  Into  the  solution 
was  introduced  the  equivalent  amount  of  pulverized 
active  sulfur  which  dissolved  completely  bn  heating. 
Traces  of  SOf  and  SO^"  were  precipitated  with 
strontium  nitrate  and  then  with  a  few  drops  of  barium 
chloride  solution.  The  solution  was  evaporated  up  to 
a  precipitation  of  the  thiosulfate  which  was  recrystal¬ 
lized,  washed  with  alcohol  and  ether,  and  dried. 
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TABLE  3 

Trithionate  from  S  •  SC^  +  SO^ 


Experiment  Number  j 

Activity  (impulses  in  5  minutes  per  1  mg  S) 

Original 

S 

(A) 

Original 

NajSsPs 

(B) 

Trithionate 

(C) 

Sulfate  from 

trithionate 

(E) 

{  AgjS  from  final  j 

1  thiosulfate  1 

i  (FM  i 

Sulfate  from  final 
thiosulfate 
(G) 

Experiment  la  ^ 

4390 

2215 

1070 

0 

i 

.  3095 

-40 

Experiment  lb  / 

-60 

j  3325 

0 

Experiment  2a 

8320 

4115 

2090 

0 

1  6270 

0 

Experiment  2b  / 

0 

6325 

0 

Experiment  3a 

4545 

2160 

!  1140 

0 

(2575) 

0 

Experiment  3b  J 

1 

0 

(2550) 

0 

Experiment  4a 

11880 

5930 

i 

2865 

0 

‘  8665 

0 

Experiment  4b  . 

30 

j  8715 

0 

Experiment  5 

16600 

8295 

4170 

0 

i  12290 

0 

Experiment  6 

5820 

2960 

j  1415 

0 

j  4290 

0 

TABLE  4 

* 

Trithionate  from  S  •  SOs  +  SO^ 


Experiment  Number 

Ratio  of  activities 

A/B 

A/C 

A/F 

F/C 

/la 

1.42 

2.89 

Experiment  < 

1.98 

i  4.10 

1 

1.32 

3.11 

1  2a 

1.33 

3.00 

Experiment 

2.02 

3.98 

1.31 

3.03 

Experiment  3 

2.10 

3.98 

1 

/  4a 

! 

1.37 

3.02 

Experiment  J  \ 

\ 

2.00 

4.15 

1.36 

3.04 

Experiment  5 

2.00 

3.98 

1.35  ! 

2.95 

Experiment  6 

1.97 

3.92 

1.29 

3.03 

2 


Taken 


4 


4/3 


3 


Trithionate  was  prepared  [9]  by  passing  a 
strong  stream  of  SO^  for  1  Vz  hours  into  a  mixture 
of  0.4  ml  saturated  SOj  solution  and  2  g  solid  ac¬ 
tive  thiosulfate  with  1  drop  of  saturated  arsenous 
acid  solution.  After  separation  of  the  precipitated 
tetrathionate,  SO^  was  again  passed  through  and  the 
solution  afterwards  poured  into  a  solution  of  1  g  po¬ 
tassium  acetate  in  1.2  ml  water.  The  precipitated 
trithonate  was  purified  as  described  above. 

In  a  series  of  preliminary  experiments,  details 
of  which  are  not  given,  not  all  the  precautions  were 
observed  which  ensure  freedom  of  the  tested  precipi¬ 
tates  from  impurities.  They  gave  qualitatively  the 
same  results  as  the  final  precise  experiments  set  forth 
in  Tables  3  and  4.  The  trithionate  has  ^/^  the  acti¬ 
vity  of  the  original  sulfur.  Its  decomposition  gives 
inactive  sulfate  and  thiosulfate  containing  of  the 
activity  of  the  original  sulfur.  Decomposition  of  the 
latter  gave  inactive  sulfate  and  AgjS  containing  ’^4 
of  the  activity  of  the  original  sulfur: 


10  1  0 
S  +  SOj"  =  S  •  SO3 

0  0  0  0 

*  038  *’  8  •  SO3  +  CO3  =  S  •  SO3  +  SQ^  +  ** 

34  0  ^0 

S  .  SOJ-  +  2Ag+  +  H2O  =  A^s  +  SO4-  +  2H+. 


Trithionate  from  thiosulfate  and  hydrogen  peroxide.  The  method  of  Willstatter  [10]  with  some  modifications 

was  employed.  To  a  solution  ot  3  g  labeled  NajS  •  SOs  2.5  ml  water  was  added  dropwise  with  cooling  30‘’jb  hydro¬ 
gen  peroxide  until  the  alkaline  reaction  to  phenolphthalein  had  disappeared.  With  intense  cooling  a  larger  proportion 
of  the  sulfate  came  down.  The  remainder  was  precipitated  by  cautious  addition  of  BaCls  solution.  The  trithionate 
was  brought  down  by  running  in  a  solution  of  potassium  acetate,  and  it  was  purified  as  described  above. 


The  NasSsO^  isolated  from  decomposition  of  trithionate  gave  in  experiments  4,  5  and  6  impulses  of  4325,  6165 
and  2155. 

The  degree  of  formation  of  trithionate  is  considered  below.  . 
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TABLE  5 


Trithionate  from  S  •  SOj  +  HjCfe 


Experiment  Number  | _ _  Activity  (impulses  in  5  minutes  per  1  mg  S) 


‘  ! 

Original  j 

Original 

Trithionate** 

Sulfate  frorrf  Final  1 

Ag2S  from  final  j 

Sulfate  from  final 

I 

!  s 

N32S2PJ 

i 

trithionate 

Na2S203 

thiosulfate 

thiosulfate 

i 

'  (A) 

(B) 

(C) 

(E) 

(F) 

(G) 

Experiment  1  , 

5330  i 

1 

. 

1390 

- 

5225 

1225 

Experiment  2a  "i 

5130  ‘ 

i 

j  2380 

1 

1  2370 

1315 

- 

4380 

1070 

Experiment  2b  / 

1255 

4380 

1065 

Experiment  3a  ) 

2910 

!  1420 

1450 

860* 

1 

- 

2800 

625 

Experiment  3b  / 

!  880* 

2880 

660 

Experiment  4a  1 

j  6740 

!  3305 

3340 

1645 

3785 

6480 

1620 

Experiment  4b  J 

i  1650 

1 

3865 

6560 

1  1585 

As  we  see  from  Tables  5  and  6,  both  the  trithionate  and  the  simultaneously  formed  sulfate  possessed  the  ac 
tivity  of  the  original  sulfur.  Decomp>osition  of  the  trithionate  gave  silver  sulfide  with  the  activity  of  the  original  suL 
fur  and  sulfate  with  its  activity.  This  is  represented  by  the  scheme: 

1  Vi  1  1,4 

2S  •  SOj”  +  4H2C^  =  O3S  •  S  •  SO3  +  SQj  ”  +  4H2O 

Va  1  14  1  i/a  i4 

“*OjS  •  S  •  SOj  +  CO3  “  ,S  •  SO3  +  SOj^  + 

1  14  1  ^4 

S  •  SO3  •  +  2Ag+  +  HjO  =  AgjS  +  $04-  +  2H+. 


TABLE  6 

♦ 

Trithionate  from  S  •  SO3  +  H20^ 


Experiment  Number  Ratio  of  activities 


a/b  ' 

A/C 

A/F 

A/E 

F/G 

J/C 

J/G 

Experiment  1 

- 

1.02 1 

3.83 

4.27 

Experiment  2a  7 

2.16 

2.16 

1.17 

3.90 

4.09 

- 

_ 

Experiment  2b  ( 

1.17 

4.09 

4.11 

— 

— 

Experiment  3a  | 

2.05 

2.01 

1.04 

CO 

00 

• 

(4.47)* 

- 

- 

Experiment  3b  ( 

1.01 

(3.31) 

(4.36) 

— 

Experiment  4a  / 

2.04 

2.02 

1.04 

4.10 

4.00 

1.13 

2,34 

Experiment  4b  ) 

1.03 

4.08 

4.14 

1.16 

2.44 

Taken 


For  an  unknown  reason  tl;e 
activity  of  sulfate  E  and  G  in  experi¬ 
ments  1  and  3  differed  by  10-20<7o 
from  the  corresponding  scheme,  but 
comparison  with  it  of  the  activity  of 
the  remaining  substances  leaves  no 
doubt  about  its  correctness.  In  parti¬ 
cular,  in  experiment  4  the  final  thio¬ 
sulfate  was  isolated  before  hydrolysis 
and  its  activity  was  1.15  times  greater 
than  theactivity  of  trithionate  and 
2.4  times  greater  than  the  activity 
of  sulfate  G,  whereas  the  scheme  re¬ 
quires  ratios  of  5/4  and  5/2. 

EVALUATION  OF  RESULTS 


5/4  5/2 


Before  going  on  to  consider 
the  mechanism  of  the  reactions  cor¬ 
responding  to  the  determined  distri¬ 
bution  of  activities,  we  must  consider  to  what  degree  the  distribution  may  be  influenced  by  secondary  exchange  of 
sulfur.  In  all  cases  the  mean  activity  of  die  trithionate  corresponds  to  the  activity  of  the  products  of  its  decomposition  - 
silver  sulfide  and  sulfuric  acid.  All  these  activities  are  in  simple  ratios  to  one  another  and  to  die  activity  of  the  origi¬ 
nal  sulfur.  Furthermore,  if  the  sulfate  resulting  from  decomposition  of  trithionate  had  been  inactive,  then  the  final 
sulfate  should  also  be  inactive  (Tables  1  and  3).  All  this  excludes  the  possibility  of  alteration  of  the  isotopic  compo¬ 
sition  in  the  process  of  decomposition  of  trithionate  due  to  exchange  of  sulfur.  This  is  explained  by  the  fact  that  the 


The  separated  sulfate  evidently  contained  impurities. 

The  separated  sulfate,  formed  at  the  same  time  as  the  trithionate,  was  contaminated  with  impurities.  In  ex 
periments  1,  2,  3,  and  4  it  had  activities  of  1825,  1845,  1450  and  2950. 
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thiosulfate  group  enters  the  trithionate  and  is  cleaved  off  from  it  without  breaking  down.  Further  evidence  of  this  pro¬ 
cess  is  adduced  below.  These  conclusions  are  directly  confirmed  by  the  results  of  a  new  investigation  by  Fava  [11] 
which  came  to  our  notice  only  after  the  conclusion  of  the  present  work.  Fava  found  that  thiosulfate  exchanges  thionate 
sulfur  with  the  middle  sulfur  of  trithionate  with  a  half-life  of  12  hours  at  25*  and  that  the  other  atoms  of  sulfur  of  both 
compounds  do  not  participate  in  the  exchange.  The  same  conclusion  was  also  reached  by  other  authors  [1].  Conse¬ 
quently  the  distribution  of  active  sulfur  in  trithionate  proposed  in  the  schemes  can  be  regarded  as  correct. 

The  formation  of  trithionate  by  reaction  of  sulfur  dichloride  with  bisulfite  was  predicted  in  1870  by  D.  1. 
Mendeleev  [12]and  3  years  later  was  realized  by  Spring,  but  it  has  only  recently  [8,  13]  been  studied  closely.  Its  mecha¬ 
nism  is  not  in  doubt.  Sulfur  dichloride  is  the  anhydride  of  sulfoxylic  acid  which  it  forms  on  hydrolysis: 

SCI,  +  2H,0  =  S(OH),  +  2H+  +  2Cr  , 


following  which  the  hydroxyl  groups  are  replaced  by  sulfite  groups: 

2H,0. 

This  simple  mechanism,  already  put  forward  by  other  authors  [8,  13),  is  directly  confirmed  by  the  data  of  Tables 
1  and  2.  It  is  in  accord  with  the  ideas  of  D.I.  Mendeleev  who  regarded  the  polythionic  acids  as  disulfonic  acids  formed 
by  substitution  of  the  hydrogen  in  hydrogen  sulfides  by  sulfite  groups,  for  example  SH, —  S(SQ  H),. 


OH 


0 

+  2H:SOj  ^  s' 


OH 


The  reaction  of  sulfites  with  thiosulfates,  as  also  the  analogous  reactions  in  Wackenroder  liquid  (H,S  -(■  H,SC1^), 
have  been  the  subject  of  many  investigations  in  which  diverse  mechanisms  have  been  advanced.  In  the  majority  of  con¬ 
temporary  studies  the  primary  formation  of  sulfur  monoxide  SO  or  its  hydrate  (sulfoxylic  acid)  is  suggested.  Further  re¬ 
action  of  the  latter  with  sulfites  and  thiosulfates  gives  polythionates.  An  alternative  theory  is  the  initial  formation  of 
thiosulfurous  acid  [14,  15], or  of  hydrogen  sulfoxide  H,SO  [16].  It  has  also  been  suggested  that  the  polythionates  primarily 
formed  are  trithionate  [17],  tetrathionate  [18,  19,  20],  or  pentathionate  [16,  21],  or  simultaneously  tri-and  pentathionate 
[15,  22],  or,  finally,  tetra-  and  hexathionate  [14].  Equally  diverse  and  conflicting  are  the  equations  proposed  for  these 
reactions  and  their  steps. 

From  our  results  it  follows  that  trithionate  is  not  the  primary  product  of  reaction  of  sulfite  with  sulfur  dioxide, 
because  the  central  sulfur  in  trithionate  has  an  activity  different  from  that  in  all  positions  in  the  starting  substances. 

A  study  of  this  reaction  by  chemical  methods  in  presence  of  AsjO^  revealed  [23]  that  pentathionate  is  formed  at  first 
and  later  changes  into  tetra-  and  trithionate.  Both  can  be  isolated  from  the  reaction  mixture  in  good  yield.  The  distri¬ 
bution  of  activities  that  we  found  exactly  corresponds  to  the  following  scheme, which  is  also  consistent  with  the  chemi¬ 
cal  data.  The  primary  product  is  sulfoxylic  acid.  Substitution  of  the  hydroxyls  in  the  latter  by  thiosulfate  groups  gives 
pentathionate: 

1  0 

S  •  SC^-  -  +  2H+  +  H,0  =  2S(OH),* 

1  0  'I  0 

S(OH),  +  2S  •  SeV"  +  2H+  =  S(S  •  SOi)*  -  +  2H,0. 


Successive  substitution  of  thiosulfate  groups  by  sulfite  groups  gives  tetrathionate  and  trithionate: 


1^1 

S(S 

0 

“(Q,s 


Vi 

S) 


so,v  +  lev*  =  -(Ps^  •  S)  (i  •  sci)-  +  s  .  ^cv, 

0  0  ,,010  ^^0 
SOi)  *  +  SOf  -  =  (OiS)  .  (S  •  SOi)  -  +  s  •  sc^--, 

=  -'(OiS  .  S)v(loi)-  A  .^cv, 

equivalent.  In  accord  with 

---ojs  .  ^cv  +  *s  .  lev 


since  in  tetrathionate  both  thiosulfate  groups  are  equivalent.  In  accord  with  experiments,  both  routes  lead  to  the  mean 
distribution: 


Isotopic  exchange  of  sulfur  between  thiosulfate  and  both  the  higher  polythionates  only  proceeds  by  exchange  of 
the  whole  sulfite  or  thiosulfate  groups.  It  is  easy  to  see  that  it  can  influence  the  distribution  of  activity  in  the  trithio¬ 
nate  only  in  the  event  that  the  latter  stage  of  its  formation  has  a  velocity  of  the  same  order  as  that  of  the  first  step  of 
formation  of  pentathionate,  since  only  in  this  latter  stage  does  the  thiosulfate  possess  an  isotopic  composition  different 


The  formation,  suggested  in  some  papers  by  Foerster,  of  SO  or  S(OH),  from  HSO^'  or  from  H,SO^  +  F^S,0^  is  in¬ 
consistent  with  our  observations  of  the  distribution  of  active  sulfur. 
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from  that  in  the  initial  step,  and  it  is  mixed  with  the  unreacted  residue  of  the  latter.  The  experimentally  determined 
distribution  of  activity  does  not  reveal  an  alteration  of  isotopic  composition  owing  to  exchange,  evidently  the  conse¬ 
quence  of  the  great  difference  in  velocities  of  the  two  steps  in  question.  • 

It  should  be  noted  that  the  primary  formation  (suggested  by  other  authors)  of  thlosulfurous  acid,  which  gives  tetra- 
thionate  [14],  or  of  trithlonate  from  sulfoxyUc  acid  and  sulfite  p  7,  15],  or,  finally,  primary  formation  of  H2SO  p6],  are 
all  inconsistent  with  our  data. 

In  the  formation  of  trithlonate  from  thiosulfate  and  hydrogen  peroxide,  in  contrast  to  the  two  preceding  cases,  the 
sulfite  (outer)  sulfur  of  trithionate  is  likewise  active.  This  activity  could  only  be  the  result  of  intermediate  oxidation 
of  the  labeled  thionate  sulfur  of  the  original  thiosulfate  to  sulfite  sulfur.  Evidently  the  only  acceptable  explanation  of 
our  observed  distribution  of  activity  is  the  oxidation  of  thiosulfate  to  an  ion  of  a  symmetrical  acid  with  two  atoms  of 
sulfur  —  probably  dithionic  acid; 

i  0  <c  0 

S  .  SCV’  +  3H,C^  =  .  SCV  +  3HjO. 

In  the  next  step  the  sulfite  group  is  substituted  by  thiosulfate  and  is  itself  oxidized  to  sulfate; 

•0^^  .  ^CV  +  H,q  .  ^(V"  ='Oi%  \  •  ^CV  +  ^04  -  +  HjO, 
orC^^  ^  +  HjO, 

since  exchange  of  both  sulfite  groups  is  equally  probable.  On  the  average  this  gives  the  observed  distribution; 

U 1  V4 

■-O^S  ,  S  •  SOf  +  SO4--. 

Formally  this  scheme  also  satisfies  the  intermediate  formation  of  persulfate  ‘Q|S  .  SOj"  .  Formation  of  dithionate 
at  the  same  time  as  that  of  trithionate  was  detected  during  the  Wackenroder  reaction  in  studies  by  Zilberman  [24],  al¬ 
though  in  the  latter  papers  it  was  attributed  to  a  side  reaction  of  oxidation  of  sulfite  by  the  analog  of  hydrogen  peroxide— 
H{SO.  Formation  of  persulfate  by  the  action  of-hydrogen  peroxide  on  sulfites  and  thiosulfates  is  also  known. 

The  cumulation  of  the  experimental  data  of  the  present  investigation  enables  us  to  confirm  that  polythionates 
are  built  up  from  sulfite  and  thiosulfate  groups  and  that  the  processes  of  their  formation,  reciprocal  transformations 
and  decomposition  proceed  by  way  of  addition,  exchange  or  cleavage  of  these  groups.  Other  investigations  using 
labeled  sulfur  lead  to  the  same  conclusion  [1,  3].  The  hypothesis  that  the  reversible  reactions 

SnO«  ■  +  SCV”  =  Sn-106  ■  +  SjCV* 
proceed  by  transfer  of  sulfur  atoms  [25]  is  incorrect. 

The  data  reported  fully  crxifirm  the  chain-like  distribution  of  sulfur  atoms  in  polythionates  and  their  structure; 
which  was  advanced  by  DJ.  Mendeleev. 


SUMMARY 

1 .  With  the  help  of  labeled  sulfur  the  main  reactions  of  formation  of  trithionate  have  been  studied. 

2.  In  the  preparation  of  trithionate  by  the  action  of  sulfur  dichloride  on  bisulfite,  the  first  step  is  formation  of 
sulfoxylic  acid,  the  hydroxyl  groups  of  which  are  then  substituted  by  sulfite  groups. 

3.  In  the  preparation  of  trithionate  by  the  action  of  sulfur  dioxide  on  thiosulfate,  the  first  step  again  is  formation 
of  sulfoxylic  acid,  the  hydroxyl  groups  of  which  are  then  replaced  by  thiosulfate  groups  with  formation  of  pentathionate. 
In  subsequent  steps  the  substitution  of  thiosulfate  groups  by  sulfite  groups  gives  tetra-  and  trithionate. 

4.  In  the  preparation  of  trithionate  by  the  action  of  hydrogen  perioxide  on  thiosulfate,  the  first  product  is  a  sym¬ 
metrical  product  of  oxidation  of  the  latter  —  probably  dithionate.  Replacement  of  the  latter's  sulfite  group  by  thiosul¬ 
fate  gives  trithionate. 

5.  Confirmation  is  obtained  of  DJ.  Mendeleev’s  proposed  structure  of  polythionates.  The  reactions  of  the  latter 
involve  addition,  cleavage  and  exchange  of  entire  sulfite  and  thiosulfate  groups. 

6.  The  incorrectness  of  the  theories  advanced  in  some  investigations  about  the  modes  of  formation  and  transfor¬ 
mations  of  polythionates  is  demonstrated. 


The  experimenully  established  equilibrium  SjOj"  +  SjOj"  =  2S40j"",  likewise  governing  the  exchange  of  thio¬ 
sulfate  groups  by.  sulfite  groups,  can  lead  only  to  a  difficultly  detectable  increase  in  the  activity  of  the  middle 
sulfur  of  trithionate  from  to  ^*/i6  of  the  starting  activity. 
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INVESTIGATION  OF  THE  LIQUIDUS  CURVE  IN  BINARY  SYSTEMS 


FORMED  BY  THE  SODIUM  SALTS  OF  FATTY  ACIDS 
WITH  SODIUM  NITRATE  AND  THIOCYANATE 

N.  M.  Sokolov 

The  properties  of  sodium  salts  of  fatty  acids  in  melts  have  not  been  extensively  studied.  Thus  it  comes  about 
that  among  the  large  number  of  binary  systems  investigated  by  methods  of  physicochemical  analysis  there  are  no 
systems  comprising  salts  of  fatty  acids  and  sodium  nitrate  or  sodium  thiocyanate. 

The  present  research  is  the  first  devoted  to  the  examination  of  this  type  of  system  by  the  method  of  visual - 
polythermal  analysis.  The  components  of  the  systems  were  chosen  with  a  view  to  comparison  of  data  on  the  homo¬ 
logy  and  isomerism  of  salts  of  fatty  acids.  To  this  end  we  selected  salts  of  formic,  acetic,  propionic,  butyric, 
caproic,  isobutyric  and  isovaleric  acids.  With  these  components  it  is  possible  to  observe  the  change  of  properties  of 
the  salts  with  increasing  number  of  carbon  atoms  in  the  radical  and  vrtth  isomerization  of  the  radical. 

The  fusibility  curves  of  the  systems  containing  nitrate  and  thiocyanate  and  an  identical  fatty  acid  salt  are  sur¬ 
prisingly  similar.  This  circumstance  prompted  us  to  study  the  previously  uninvestigated  system  of  sodium  nitrate  — 
sodium  thiocyanate. 

The  components  of  the  systems  -  sodium  salts  of  fatty  acids  [1],  sodium  nitrate  [2]  and  sodium  thiocyanate 
[3]  —  melt  without  decomposition.  Certain  components  can  even  be  heated  above  their  melting  points.  Thus,  for¬ 
mate  tolerates  heating  to  310*  [4],  acetate  to  390®  [5],  and  nitrate  to  380*  [2],  while  the  thiocyanate  does  not  decom¬ 
pose  even  when  heated  to  500*  [3]. 

The  literature  reports  explosion  of  a  mixture  of  potassium  nitrate  and  sodium  acetate  on  heating  [6];  elsewhere 
the  flammability  of  a  heated  mixture  of  sodium  thiocyanate  and  sodium  nitrate  is  reported  [7],  We  carried  out  heat¬ 
ing  of  a  mixture  of  salts  of  fatty  acids  and  sodium  nitrate  up  to  400“  and  no  explosion  resulted;  mixtures  of  sodium  ni¬ 
trate  and  thiocyanate  melted  quietly  and  did  not  inflame  at  330-340*.  On  strong  superheating,  however,  of  the  melt 
of  a  mixture  of  fatty  acid  salt  and  nitrate,  gas  first  began  to  come  off,  the  temperatue  rose  sharply  and,  finally,  there 
was  an  intense  flash.  This  occurs  at  temperatures  at  which  sodium  nitratedecomposeswith  evolution  of  gases  —  oxygen 
and  oxides  of  nitrogen  [8].  It  is  possible  that  the  cause  of  the  explosions,  flashes  and  inflammations  is  the  reaction  of 
the  gaseous  products  of  decomposition  of  the  nitrate  with  salts  of  fatty  acids  and  thiocyanates. 

Salts  of  fatty  acids  with  up  to  four  carbon  atoms  in  the  radical  in  admixture  both  with  nitrates  and  thiocyanates 
give  transparent  melts  on  heating  which  after  solidification  satisfactorily  withstand  repeated  remeltings.  Systems  con¬ 
taining  isovalerates  and  valerates  also  melted  to  form  transparent  liquids,  but  these  had  poor  stability  on  remelting 
and  darkened  after  slight  superheating.  Systems  containing  caproate  melted  to  form  dark  liquids iin  which  the  develop¬ 
ment  of  the  first  crystals  could  be  observed  with  difficulty.  These  systems  readily  decomposed  when  superheated. 
Additions  to  these  systems  of  sodium  acetate  stabilized  them  and  enabled  study  of  the  ternary  systems  of  caproate, 
acetate  and  sodium  nitrate,  and  caproate,  acetate  and  sodium  thiocyanate. 

EXPERIMENTAL 

The  salts  were  melted  in  a  test  tube  which  was  inserted  in  a  broader  test  tube  to  ensure  more  uniform  heating. 
Use  was  made  of  a  ni chrome -constantan  thermocouple  and  amillivoltmeter  with  mirror  reading  to  17  mV.  The  cali¬ 
bration  curve  was  plotted  from  the  following  melting  points:  water  0*,  benzoic  acid  122®,  mannitol  166*,  silver 
nitrate  208®,  cadmium  321*,  potassium  nitrate  337®,  and  potassium  bichromate  398*.  On  the  basis  of  this  calibration 
curve  the  melting  points  of  the  sodium  salts  used  as  components  of  our  systems  were:  formate  258*,  acetate  331*, 
propionate  298*,  butyrate  330*,  valerate  357*,  caproate  365*,  isobutyrate  260®,  isovalerate  262*,  nitrate  308*,  and  thio¬ 
cyanate  311*. 

The  investigation  was  carried  out  with  commercial  preparations  of  sodium  nitrate  and  thiocyanate,  while  the 
remaining  salts  were  synthesized,  starting  from  the  fatty  acids  and  sddium  bicarbonate.  Commercial  sodium  nitrate 
was  purified  by  the  method  of  Laiti*  [9].  Sodium  thiocyanate  (pure  for  analysis)  was  twice  recrystallized,  first  from 
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TABLE  1 


Systems  of  sodium  salts  of  fatty  acids  and  sodium  nitrate 


Sodium  nitrate  '  Temperature  of  start  of  cr^ 

(in  mole-*^)  ;  Formate  '  Acetate  Propionate  ■  Butyrate 


;  Formate 

Acetate 

258 

331 

252 

328 

242  j 

324 

232  i 

318 

'stallization  in  systems  formed  by 
Isobutyrate  Valerate  Isovalerat 


330 

260 

357  1 

262 

365 

329 

248 

366 

273 

376 

325 

242 

372 

280 

383 

315 

238 

369  ' 

280 

385 

283 

219 

350  , 

265 

375 

276 

— 

- 

- 

- 

274 

233 

336 

257 

367 

- 

- 

- 

254 

- 

273 

244 

320 

260 

357 

271 

258 

296 

272 

342 

- 

- 

295 

- 

- 

268 

267 

294 

282 

326 

267 

~ 

274 

_ 

295 

288 

313 

276 

276 

288 

294 

296 

— 

— 

— 

287 

— 

_ 

~ 

291 

— 

— 

- 

_ 

- 

- 

300 

283 

280 

285 

299 

302 

288 

284 

293 

302 

- 

296 

288 

298 

304 

Layer  formation  from 

298 

292 

300 

306 

60  to  99.84*70  sodium 

302 

300 

305 

307 

nitrate 

308 

308 

308 

308 

1  ^ 

4 


- 255“  _ 

Z5B*  / " 

W7" 


jMaCWS. 

iNa^Oj 

30B“ 

_ “'^^^fUaCNS 


'Nk^‘ 

24a* 

-  1  -L- —  -  1  11  1  I _ I  I _ 

lO  go  JO  ^  50  eo  70  So  30  100 

Mote  % 


Fig.  1 .  Liciji:!.iS  curves  of  the  systems. 

Sodium  nitrate  —  sodium  propionate  (1),  —  sodium  formate  (4),  —  sodium 
acetate  (5),  —  sodium  isobutyrate  (7);  sodium  thiocyanate  —  sodium  for¬ 
mate  (2),  —  sodium  propionate  (3),  —  sodium  acetate  (6),  —  sodium  iso¬ 
butyrate  (8). 
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TABLE  2 


Systems  of  sodium  salts  of  fatty  acids  and  sodium  thiocyanate 


Sodium  thiocyanate 
(in  mole-’lfo) 


_ Temperature  of  start  of  crystallization  in  systems  formed  b 

Formate  '  Acetate  I  Propionate  |  Butyrate  !  Isobutyrate  *  Valerate  I  Isovalerate  i  Caproate 


TABLE  3 


Intersection  of  branches  of  liquidus  curves 


^  . . 

Systems 

Tempera-  i 
ture  , 

NaNO^ 

(in  mole-*?*)  : 

Tempera¬ 

ture 

NaCNS 
(in  mole-*?>) 

Formate  i 

186*  1 

49 

187* 

36 

Acetate  1 

224  j 

58 

244 

54.5 

Propionate 

255  i 

56.5 

258 

54 

(E» 

267  ' 

50  ! 

i  262 

48.5 

Butyrate 

276  ’< 

27 

268 

31.5 

Isobutyrate 

219 

25 

240 

27.4 

f  El 

291 

40.5 

289 

46 

Valerate  |  ^ 

!  281 

58.5’ 

287 

56.5 

Isovalerate 

254 

31 

250 

32 

Caproate 

287 

56.5 

295 

63 

water  and  then  from  alcohol;  its  cry¬ 
stals  are  very  hygroscopic;  it  is  more 
convenient  to  melt  it  before  use.  The 
thiocyanate  melts  at  311*:  according 
to  the  literature  it  has  m.p.  287*  [10] 
and  326*  [11].  We  failed  to  obtain  a 
a  salt  with  the  higher  melting  point 
by  synthesizing  it  from  ammonium 
thiocyanate  and  caustic  alkali  or  by 
recrystallization,  or  by  precipitation 
with  ether  from  a  saturated  alcoholic 
solution. 

The  experimental  data  are;  set 
forth  in  the  tables,  and  the  liquidus 
curves  are  plotted  in  three  diagrams. 


•  E  —  eutrectic  point 

•  •  P  —  transition  point 


The  liquidus  curves  of  systems 
formed  with  sodium  salts  of  fatty  acids 


Fig.  3.  Liquidus  curves  of  t’le  system 

1  —  Sodium  nitrate  —  sodium  caproate,  2  —  sodium  thiocyanate  —  sodium  (caproate, 
3  —  sodium  thiocyanate  —  sodium  nitrate. 


TABLE  4 

System  sodium  nitrate  —  sodium  thiocyanate 


Thiocyanate  (in  *?») 

0 

10 

20 

30 

j  40 

45 

50 

■  60 

70 

80 

90 

100 

Temperature  of  start  of  crystallization 

308 

288 

268 

;252 

1236 

232 

236 

253 

269 

285 

299 

311 

and  sodium  nitrate  show  that  in  systems  containing  formate,  acetate  andpropionate there  is  no  complex  formation;  com¬ 
plex  formation  is  observed  in  systems  containing  salts  of  n-butyric  and  n-valeric  acids.  There  is  no  complex  formation 
in  systems  containing  salts  of  isobutyric  and  isovaleric  acids.  Sodium  caproate  and  sodium  nitrate  have  limited  mutual 
solubility  in  the  melted  state,  and  since  sodium  stearate  does  not  mix  at  all  with  sodium  nitrate,  we  can  assume  that 
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salts  with  more  carbon  atoms  in  the  radical  than  caproate  will  be  still  less  miscible  with  sodium  nitrate  in  the  liquid 
state  (Table  3). 

Examination  of  the  liquidus  curves  of  systems  formed  by  salts  of  fatty  acids  and  sodium  thiocyanate  shows  that, 
just  as  in  the  case  with  systems  containing  nitrate,  complex  formation  occurs  in  the  butyrate  and  valerate  systems; 
systems  formed  from  formate,  acetate,  propionate,  caproate,  isobutyrate  and  isovalerate  are  characterized  by  eutectic 
melting  (Table  3). 

The  great  similarity  between  systems  containing  thiocyanate  and  nitrate  and  the  same  fatty  acid  salt  makes 
it  interesting  to  investigate  the  liquidus  curve  (not  previously  studied)  of  the  system  sodium  nitrate  -  sodium  thiocya¬ 
nate. 

The  liquidus  curve  (Fig.  3)  has  one  branch.  In  the  system  is  formed  a  continuous  series  of  solid  solutions  with  a 
minimum  at  232*  and  4,^  sodium  thiocyanate. 

EVALUATION  OF  RESULTS 

Sodium  nitrate  and  thiocyanate  have  very  similar  melting  points  (308  and  311*)  and  form  a  continuous  series  of 
solid  solutions.  Comparison  of  the  liquidus  curves  of  systems  containing  nitrate  with  the  liquidus  curves  of  systems  con¬ 
taining  thiocyanate  show  that  when  the  same  fatty  acid  salt  is  present  in  these  systems  they  actually  exhibit  great  simi¬ 
larity.  On  this  basis  it  is  suggested  that  identical  processes  take  place  in  such  systems  during  crystallization. 

On  considering  the  systems  in  the  order  of  increasing  number  of  carbon  atoms  in  the  radicals  of  the  fatty  acid 
salt  component,  we  see  that  complex  formation  does  not  occur  when  the  paraffinic  portion  of  the  molecule  is  of  small 
size.  With  increasing  number  of  carbon  atoms  in  the  radicals  of  normal  structure,  ability  to  form  complexes  is  first 
developed  and  then  disappears.  Thus  caproate  does  not  form  compounds  either  with  nitrate  or  thiocyanate,  while  sodium 
stearate  is  not  miscible  with  them  at  all. 

On  comparing  systems  formed  by  butyrate  and  valerate  with  those  formed  by  isobutyrate  and  isovalerate,  we  see 
that  salts  containing  a  branched  chain  of  carbon  atoms  in  the  radical  do  not  form  compounds;  they  also  possess  lower  melting 
melting  points  than  salts  of  normal  structure. 

The  branches  of  primary  crystallization  in  the  case  of  isovalerate,  valerate  and  caproate  are  very  similar  among 
themselves.  In  all  cases  with  increasing  content  of  nitrate  or  thiocyanate  the  curve  at  first  rises,  reaches  a  certain  maxi¬ 
mum  and  then  descends.  Such  a  type  of  curve  with  a  maximum  at  the  branch  of  one  of  the  components  points  to  the 
presence  of  one-sided  solid  solutions,  as  had  previously  been  experimentally  demonstrated  for  the  systems  sodium  sulfate  — 
calcium  sulfate  [12],  silver  chloride  “  cadmium  chloride  [13],  and  others.  It  is  possible  that  also  in  our  systems  contain¬ 
ing  isovalerate,  valerate  and  caproate  there  is  formation  of  one-sided  solid  solutions. 

SUMMARY 

1.  An  investigation  was  made  of  tlie  liquidus  curves  of  17  binary  systems,  eight  of  which  contain  fatty  acid  salts 
and  sodium  nitrate,  eight  contain  the  same  fatty. acid  salts  and  sodium  thiocyanate,  while  one  is  the  system  sodium  ni¬ 
trate  -  sodium  thiocyanate. 

2,  It  is  shown  that  the  properties  of  salts  of  fatty  acids  in  melts  change  with  the  number  of  carbon  atoms  in  the 
radical  and  with  the  isomeric  form. 
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THE  SYSTEM  A.CETIC  ANHYDRIDE  -  NITRIC  ACID 


T,  V,  Maikova 

Mixtures  of  nitric  acid  and  acetic  anhydride  are  used  for  nitration  of  organic  compounds.  The  main  value  of 
such  mixtures  is  that  nitration  can  be  effected  usually  at  low  temperatures.  The  absence  under  these  conditions  of 
processes  of  oxidation  and  of  nitration  to  polynitro  compounds  enables  purer  products  to  be  obtained,  and  the  yields 
are  higher  than  when  nitrating  in  presence  of  sulfuric  acid.  A  second  advantage  is  that  when  such  mixtures  are  used 
to  nitrate  aromatic  hydrocarbons  which  are  already  substituted,  the  yield  of  o-nitro  compounds  is  considerably  higher 
than  after  nitration  in  any  other  medium.  In  individual  cases  (nitration  of  aniline),  the  amount  of  o-isomer  is  nearly 
100%.  Finally,  it  is  possible  with  such  mixtures  to  obtain  products  which  cannot  be  obtained  under  the  usual  nitration 
conditions  (nitro  derivatives  of  phenanthrene,  anthracene  and  hydroxycarbazole). 

The  first  steps  in  the  examination  of  the  system  acetic  anhydride  -  nitric  acid  were  taken  by  Pictet  [1,  2]  who 
suggested  that  acetyl  nitrate  was  formed  in  mixtures  of  acetic  anhydride  and  nitric  acid  and  diacetylorthonitric  acid 
iri  mixtures  of  acetic  and  nitric  acids. 

In  subsequent  investigations  of  the  kinetics  of  nitration  of  benzene,  it  was  suggested  that  nitric  acid  reacts 
with  the  solvent  [3], 

Renewed  interest  has  been  shown  in  recent  years  in  the  system  acetic  anhydride -nitric  acid.  On  the  basis 
of  measurements  of  the  vapor  tension  the  hypothesis  was  advanced  of  the  formation  in  the  system  of  acetyl  nitrate 
and  nitrogen  pentoxide  [4].  Chedin  and  F^n^ant  [5]  confirmed  this  hypothesis  by  data  for  the  Raman  spectra  of  mix¬ 
tures  of  acetic  anhydride  and  nitric  acid.  The  authors  considered  the  formation  of  nitrogen  pentoxide  to  be  the 
primary  step  and  that  of  acetyl  nitrate  the  second  step  in  the  process 

2NO5H  +  AcjO  NjOj  +  2AcOH.  (1) 

NjOs  +  AcjO  2AcONOi.  (2) 

In  a  study  of  the  mechanism  of  nitration  of  aromatic  hydrocarbons.  Gold,  Hughes  and  Ingold  [6]  arrived  at 
the  following  reversible  reactions: 

HNO3  +  AcjO  AcOH  +  AcNOj,  (3) 

HNO3  +  ACNO3  AcOH  +  N2O5.  (4) 

For  investigation  of  the  system  acetic  anhydride— nitric  acid  we  prepared  mixtures  of  acetic  anhydride  and 
nitric  acid  of  strictly  specific  percentage  composition. 

The  nitric  acid  needed  for  their  preparation  was  purified  by  vacuum  distillation  by  Mishchenko's  method  [7]. 

We  made  a  slight  modification  when  assembling  the  distillation  apparatus.  The  nitric  acid  which  did  not 
condense  was  absorbed  by  water  in  2  to  3  wash  bottles,  in  front  of  the  first  wash  bottle  (bubbler  for  nitric  acid)  was 
arranged  a  sulfuric  acid  wash  bottle  to  protect  the  nitric  acid  against  access  of  moisture  when  air  was  blown  into  the 
system.  Distillation  was  carried  out  with  a  water  jet  pump.  Acid  containing  99 .80  r99',9G% nitric  acid  was  used. 

The  concentration  of  the  nitric  acid  was  determined  by  titration  with  0.5N  alkali  solution  in  presence  of  phenol- 
phthalein.  The  absence  of  lower  oxides  of  nitrogen  in  the  nitric  acid  was  checked  with  potassium  permanganate. 

The  acetic  anhydride  and  acetic  acid  were  purified  by  repeated  distillation  of  the  technical  product  in  a 
column.  The  fraction  of  acetic  anhydride  selected  had  b.p.  139-140*  at  760  mm,  and  the  acetic  acid  fraction 
had  b.p.  117.4-117.8*  at  753  mm. 

After  preparation,  the  solutions  of  nitric  acid  and  acetic  anhydride  were  kept  in  ice  in  the  course  of  sev¬ 
eral  hours'  working  with  them. 

The  atomic  concentration*  of  the  system  [8  -  10]  and  the  magnitude  of  AA,  which  represents  the  differ¬ 
ence  between  the  optimum  values  of  the  atomic  concentration  and  its  additive  values,  were  calculated  for  the 
temperature  of  0*.  The  density  of  the  individual  mixtures  required  for  the  calculation  was  determined  in  a 
pycnometer  with  a  capillary  or  in  a  pycnometer  with  a  graduated  scale.  Determinations  were  carried  out  in  a 

•  Translator's  note.  The  atomic  concentration  is  the  total  number  of  gram- atoms  per  liter. 
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thermostat.  The  temperature  was  maintained  between  0.05  0.15*. 

Density  (without  corrections)'  was  obtained  from  the  weight  in  air.  Correction  for  the  weight  had  no  effect 
at  all  on  the  magnitudes  of  AA  and  Ad  which  were  of  interest  to  us  in  this  research. 

The  experimental  values  of  the  density  of  solutions  of  the  system  (CH3C0)20— HNOsfd),  the  deviations 
of  atomic  concentration  from  the  additive  values  (AA),  and  the  magnitudes  required  for  their  calculation  -  the 
experimental  atomic  concentration  (A)  and  the  additive  density  (dy)—  ate  set  forth  in  Table  1. 


TABLE  1  The  dependence  of  A  A  on 

Density  and  atomic  concentration  of  the  system  (CHsCOljO— HNOs  at  0®.  the  composition  of  the  system  is 


Composition  of  mixture 
(in  volume-^) 

d,  g/  ml 

du  .g/  ml 

Ad  g/ml 

AA 

plotted  in  Fig.  1;  in  the  same  dia¬ 
gram  is  plotted  the  isotherm  of  Ad. 
The  shape  of  the  isotherm  of  A  A, 
obtained  by  us  for  the  system 
(CH3C0)20-HN0s,  is  a  fairly 

HNOs 

(CHjCO)iO 

. 

0.00 

100.00 

1.1011 

1.1011 

0.0000 

140.2 

0.0 

5.62 

94.38 

1.1167 

1,1262 

-0.0095 

139.2 

-1.2 

common  form  of  the  composition— 

7.55 

92.45 

1.1245 

1.1347 

-0.0102 

138.9 

-1.3 

property  curve  with  a  maximum 

10.12 

89.88 

1.1327 

1.1462 

-  0,0135 

138.4 

-1.6 

.and  a  minimum.  The  position  of 

14,97 

85.03 

1.1484 

1.1678 

-0.0194 

137.6 

-2.3 

the  minimum  corresponds  almost 

22.84 

77.16 

1.1751 

1.2029 

-  0.0287 

136.2 

-3.2 

exactly  to  the  composition  of  a 

30.11 

69.89 

1,2025 

1.2352 

-  0.0327 

135.0 

-3.6 

mixture  of  1  mole  acetic  anhydride 

35.01 

64.99 

1.2231 

1.2570 

-0.0339 

134.1 

-3.6 

and  1  mole  nitric  acid;  hence  it  is 

40.00 

60,00 

1.2473 

1 .2792 

-0.0319 

133.2 

-3.3 

difficult  to  account  for  the  forma- 

45.82 

54.18 

1.2763 

1 .3052 

-  0.0289 

132.2 

-2.9 

tion  of  a  mini  mum  solely  on  the 

52.04 

47.96 

1.3072 

1.3329 

-  0.0257 

131.1 

-2.5 

basis  of  dissociation  of  the  associated 

58.96 

41,04 

1.3453 

1 .3637 

-0.0184 

129.9 

-1.8 

component.  Moreover,  in  the  liter- 

66.85 

33.15 

1.3943 

1 .3988 

-  0.0045 

128.5 

-0.4 

ature  we  failed  to  find  any  indica- 

74.68 

25.32 

1.4515 

1.4337 

0.0178 

127.1 

1.6 

tion  of  the  association  of  acetic 

79.89 

20.11 

1.4881 

1.4569 

0.0312 

126.2 

2.6 

anhydride  molecules.  We  suggest 

82.60 

17.40 

1.5028 

1.4690 

0.0322 

125,8 

2.8 

that  the  minimum  of  the  AA  iso- 

85.04 

14.96 

1.5122 

1.4799 

0.0323 

125,3 

2.7 

therm  is  due  to  formation  of  acetyl 

90.08 

9.92 

1.5200 

1 .5023 

0.0177 

124.5 

1.5 

nitrate  in  the  system 

100.00 

0.00 

1.5465 

1.5465 

0.0000 

122.7 

0.0 

(CHjCOljO  +  HNO3  ^  CH3COONO2  +  CH3COOH.  (5) 

Since  the  number  of  molecules  in  the  system  remains  unchanged  in  formation  of  acetyl  nitrate,  the  spread 
must  be  attributed  to  the  less  electrovalent  character  of  the  products  on  the  right-hand  side  of  the  equation. 

The  maximum,  which  corresponds  to  the  molar  ratio  of  nitricacid  to  acetic  anhydride,  is  equal  to  11:1,  and 
it  adequately  reflects  the  sharp  structural  change  in  the  system  since  only  one  mole  of  acetic  anhydride  per  11  moles 
acid  results  in  the  very  high  value  of  AA  =  2.8  g-at/1.  Above  all  we  consider  it  necessary  to  draw  attention  to  the 
fact  that  acetic  acid,  which  is  formed  when  acetyl  nitrate  is  formed  in  the  system  and  which  is  reported  in  the  lit¬ 
erature  to  re  act  with  nitric  acid,  cannot  in  this  range  of  concentrations  give  such  a  large  deviation  of  atomic  con¬ 
centration. 

The  system  acetic  acid— nitric  acid  has  been  studied  in  detail  by  Miskidzhyan  and  Trifonov  [11  -  13],  as 
well  as  by  Naumova  [14].  However,  these  authors  were  not  directly  concerned  with  the  study  of  the  density  of 
the  system  acetic  acid-nitric  acid  at  0*;  hence  the  accuracy  of  the  density  values  taken  from  their  papers  could 
not  satisfy  us. 

Results  of  investigations  of  the  system  CH3COOH— HNO3  are  set  forth  in  Table  2  and  plotted  in  Fig.  2. 

If  we  now  regard  the  positive  values  of  A  A  in  the  system  acetic  anhydride— nitric  acid  as  the  consequence 
of  formation  of  acetic  acid,  then  we  must  assume  that  our  isotherm  of  AA  (Fig.  1)  is  the  sum  of  two  curves,  the 
first  of  which  reflects  the  formation  of  acetyl  nitrate  and  moves  downwards  from  the  abscissas,  while  the  second 
reflects  the  result  of  interaction  of  acetic  acid  with  nitric  acid  and  moves  upwards  from  the  abscissas.  The  obser¬ 
ved  maximum  is  in  this  sense  only  cut  off  by  the  end  of  the  upper  curve.  It  should  follow  from  this,  however, 
that  the  maximum  value  of  AA  of  the  system  acetic  acid— nitric  acid  at  0*  must  be  very  high.  Actually,  we  did 
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Fig,  1.  A  A  (1)  and  Ad  (2)  of  the  system 
(CH3C0)20-HN03  at  0\ 


Fig,  2,  A  A  and  Ad  of  the  system  CHsCCXiH- HNO3 
at  0*.  1)  A  A  from  the  data  of  our  measurements; 

2)  AA  from  data  of  Miskidzhyan  and  Trifonov; 

3)  Ad  from  data  of  Naumova, 


TABLE  2 

Specific  gravity  and  atomic  concentration  of  the  system  CH3CC)OH-  HNO3  at  0* 


Composition  of  mixture  ^ 
(in  volume-*^) 

HNOs  !  CH3COOH 

d,g/  ml 

dwS/  ml 

Ad  ,g/ml 

Au 

AA 

0.00 

100.00 

1.0708 

1.0708 

0.0000 

142.65 

0.0 

10.11  I 

89.89 

1.1260 

1.1189 

0.0071 

140.6 

0.9 

10.13 

89.87 

1.1270 

1.1190 

0.0080 

140.6 

1.0 

20.08 

79.92 

1.1808 

1.1664 

0.0144 

138.7 

1.7 

29.91 

70,09 

1.2320 

1.2132 

0.0188 

136.7 

2.1 

39.83 

60.17 

1.2822 

1.2604 

0.0218 

134.7 

2.3 

44.76 

55.24 

1.3065 

1.2838 

0.0227 

133.7 

2.4 

47.82 

52.18 

1.3213 

1.2984 

0.0229 

133.1 

2.4 

50.85 

49.15 

1.3358 

1.3128 

0.0230 

132.5 

2.3 

53.90 

46.10 

1.3499 

1.3273 

0.0226 

131.9 

2.3 

57.04 

42.96 

1.3642 

1.3423 

0.0219 

131.3 

2.1 

59.60 

40.40 

1.3758 

1.3545 

0.0213 

130.8 

2.1 

62.98 

37.02 

1,3905 

1.3706 

0.0199 

130.1 

1.9 

66.02 

33.98 

1.4042 

1.3850 

0.0192 

129.5 

1.8 

69.99 

30.01 

1.4211 

1.4039 

0.0172 

128.7 

1.6 

74.90 

25.10 

1.4419 

1.4273 

0.0146 

127.7 

1.3 

80,15 

19.85 

•  1.4624 

1.4523 

0.0101 

126.7 

0.9 

100.00 

0.00 

1  1.5468 

1.5468 

0.0000 

122.7 

0.0 

not  observe  this  (Figs,  1  and  2), 
The  ordinate  of  the  maximum 
of  the  isotherm  of  A  A  in  the 
system  acetic  anhydride— nitric 
acid  is  2,8  g-at/1,  and  the  posi¬ 
tion  of  the  maximum  corres¬ 
ponds  to  the  ratio  of  acetic 
acid  separated  on  formation 
of  acetyl  nitrate  to  the  acetic 
acid  not  bound  as  acetyl  ni¬ 
trate.  This  ratio  is  1:1.0. 
but  the  ordinate  of  AA  in 
the  system  acetic  acid— nitric 
acid  in  the  corresponding 
field  of  concentrations  is 
only  0.6  g-at/ 1.  Conse¬ 
quently,  the  maximum  of  the 
isotherm  of  A  A  in  the  system 
acetic  anhydride- nitric  acid 
cannot  be  accounted  for  by  inter¬ 
action  with  nitric  acid  of  the 
acetic  acid  formed  in  the  sys- 
them. 

We  are  of  the  opinion 
that  in  this  part  of  the  system 
nitrogen  pentoxide  is  formed. 


and  below  we  advance  considerations  about  the  possible  mechanism  of  its  formation. 


In  comparing  the  isotherms  of  AA  and  Ad  of  the  system  acetic  anhydride -nitric  acid  (Fig,  IX  we  must  men¬ 
tion  that  the  maximum  of  both  curves  corresponds  substantially  to  one  and  the  same  composition  of  die  system  — 
82-83  vol.-%  HNO3.  The  minimum  of  the  isotherms  in  both  cases  also  corresponds  to  an  identical  concentration 
of  nitric  acid  (35  vol.-%).  This  is  clear  evidence  that  both  of  the  processes  taking  place  in  the  system  are  not 
complicated  by  side  reactions  of  the  products  formed  with  the  starting  components  of  the  mixture,  and  it  may 
serve  as  confirmation  of  the  fact  that  acetyl  nitrate  is  by  no  means  an  intermediate  compound  in  the  process  of 
formation  of  nitrogen  pentoxide. 

The  viscosity  of  mixtures  of  the  system  acetic  anhydride— nitric  acid  was  measured  in  an  Oswald  viscometer 
of  the  usual  type.  During  the  period  of  keeping  of  the  viscometer  in  the  thermostat  with  mixtures  of  one  or  the 
other  component  of  the  mixture,  a  rubber  tube  with  screw  clips  was  placed  over  it  to  protect  the  contents  against 
access  of  moisture. 
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Determinations  were  carried  out  at  0*  and  10*.  Determinations  at  10*  were  carried  out  in  the  course  of 
20-25  minutes.  Prior  to  these  measurements  the  mixtures  were  kept,  as  usual,  at  a  temperature  not  higher  than 
0*,  so  that  during  the  period  of  determination  no  far-reaching  decomposition  of  the  system  was  observed. 

The  relative  viscosity  of  the  system  acetic  anhydride— nitric  acid  (in  millipoises)  in  dependence  on  the 
molecular  composition  is  set  forth  in  Table  3  and  plotted  in  Fig,  3. 


Fig,  3.  Viscosity  of  the  system  acetic  anhydride- 
nitric  acid  (CH5C0)2C0-HN03.  1)  10*,  2)  0*. 

The  viscosity  isotherms  contain  small  but 
well-marked  maxima  in  the  right-hand  portion 
of  the  diagram.  The  position  of  the  maxima  in 
relation  to  the  abscissas  corresponds  to  90  mole-^ 
nitric  acid,  i.e.,  approximately  the  same  com¬ 
position  of  system  as  for  the  maximum  of  atomic 


TABLE  3 

Viscosity  of  the  system  (CH3C0)20— HNOs  at  0*  and  10* 


Composition  of  mixture 
(in  mole-^/o) 

— 

h® 

(millipoises) 

(millipoises) 

HNO, 

(CH,C0)20 

0.00 

100.00 

12.28 

10.32 

11.94 

88.06 

12.30 

- 

15.68 

84.32 

12,29 

10.38 

20.39 

79.61 

12.34 

10.40 

28.60 

71.40 

12,27 

10.35 

40.25 

59.75 

12.40 

10.43 

42.98 

57.02 

- 

10.64 

45.36 

54,64 

12.76 

- 

49.51 

50.49 

13.09 

11.03 

55.07 

44.93 

13.98 

11.63 

60.27 

39.73 

15,03 

12.45 

65,81 

34.19 

16.04 

13.13 

71.17 

28.83 

16.92 

14.07 

76.57 

23.43 

- 

14.92 

76.69 

23.31 

18.51 

- 

82.11 

17.89 

21.84 

16.72 

87.03 

12.97 

27.50 

20.31 

90.04 

9.96 

29.63 

21.96 

91.53 

8.47 

27.86 

21.20 

92.82 

7.18 

25.11 

19.66 

92.38 

4.62 

16.97 

14,08 

100.00 

0.00 

10.99 

9,35 

concentration.  On  raising  the  temperature  to  10' 
the  absolute  magnitude  of  the  maximum  falls 


slightly,  but  its  position  in  relation  to  the  abscissas  remains  unchanged.  On  the  left  hand  part  of  die  diagram  the 
isotherms  have  a  direction  parallel  to  the  abscissas  with  an  inflection  in  the  curve  in  the  range  of  40-50  mole-<^ 
HNO3. 

In  our  opinion  the  maximum  of  the  isotherms  marks  the  formation  in  the  system  of  the  maximum  amount 
of  nitrogen  pentoxide.  The  formation  of  acetyl  nitrate,  however,  is  not  accompanied  by  considerable  changes  of 
the  viscosity  of  the  system. 


The  refractive  index  of  the  system  acetic  anhydride— nitric  acid  was  measured  in  an  Abbe  refractometer 
(a  saccharimeter  with  stationary  prisms).  Measurements  were  performed  at  0.-0.5*.  Owing  to  inability  to  reduce 
the  temperature  variations  to  a  lesser  degree,  the  accuracy  of  our  determinations  does  not  exceed  5  *  10~^. 


In  Table  4  are  set  forth  the  refractive  indices  in  dependence  on  composition.  In  Fig.  4  is  plotted  the  iso¬ 
therm  of  the  refractive  index  (curve  1).  The  curve  of  deviation  from  additivity  (curve  2)  exhibits  more  definitely 
a  minimum  in  respect  to  the  abscissas  at  50  mole-'^b  HNO3  and  a  maximum  at  a  concentration  of  91  mole-*5S). 

For  explanation  of  the  suggested  processes  we  think  the  most  probable  assumption  is  that  the  molecule  of 
acetic  anhydride  behaves  like  a  base  in  presence  of  nitric  acid,  adding  on  a  proton  to  form  an  acetic  anhydride 
cation  — (CH3CO)2  0H^.  This  cation  then  dissociates  into  acetic  acid  and  acetyl  ion.  The  latter  reacts  with 

nitrate  ion  to  form  another  molecule  of  acetyl  nitrate: 


(CH3C0)20  +  HNO3  (CHjCO)20H+  +  NO^,  (6a) 

(CH3C0)20H+  =*=  CH3CO+  +  CH3COOH.  (6b) 

CH3C0'*^  +  N0;  CHaCOONOt, _  (  6c) 

(CHjCO)20  +  HNO3  CH3CCX)NOi  +  CHjCOOH  (6) 
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TABLE  4 

Refractive  index  of  the  system  (CH3C0)20-HN03 


Composition  of  mixture  (in  mole-'^fc) 

"d 

Composition  of  mixture  (in  mole-<)k) 

"D 

HNQs 

(CH3C0)20 

HNO, 

(CH,CO)20 

0.00 

100.00 

1.3993 

66.79 

33.21 

1.3975 

11.29 

1  88.71 

1.3975 

73.88 

26.12 

1.4010 

20.16 

I  79.84 

1.3965 

77.13 

22.87 

1.4025 

27.87 

I  72.13 

1.3959 

84.35 

15.65 

1.4077 

35.69 

j  64.31 

1.3949 

87.85 

12.15 

1.4117 

43.77 

56.23 

1.3935 

90.18 

9.82 

1.4145 

49.36 

50.64 

1.3936 

92.94 

7.06 

1.4122 

55.48 

44.52 

1.3942 

95.40 

4.60 

1.4082 

59.95 

1  40.05 

i 

1.3960 

100.00 

0.00 

i 

1.4055 

J 

Fig.  4  Refractive  index  of  the  system 
(CH3C0)20-HN03. 

1)  njj,  2)  An. 


Even  an  insignificant  amount  of  acetyl  cation  in 
the  system  proves  sufficient  for  formation  of  acetyl  nitrate. 

On  the  basis  of  the  AA  diagram  we  must  conclude  that 
the  process  of  formation  of  acetyl  nitrate  proceeds  substan¬ 
tially  completely  from  left  to  right  at  equimolecular  concen¬ 
tration  of  components  and  becomes  extremely  insignificant  at 
a  nitric  acid  concentration  of  80-90  mole-'^. 


In  the  region  of  predominating  concentrations  of 
nitric  acid  we  suggest  that  nitrogen  pentoxide  is  formed. 

We  consider  the  formation  of  nitrogen  pentoxide 
in  the  system  to  be  possible  in  accordance  with  the  fol¬ 
lowing  scheme: 

OHNCj  +  2N07.  (7?) 


CHjC 

5o  +  K,0*’ 

CHjC^ 


O 

CHjCOOH  +  HNO, 


4HNO,  + 

ClIjC  ^ 

’  o 


=>  NC7 


CHjCOOHj  '■  +  CHjCOOH 
CHjCOOH,+  +  NO7  , 

+  2CH,C00H7  +  SNOf 


NCi'-  liO^ 


(7o) 

(7c) 

(8) 

(9) 


2CHjC001^^  +  2NCf  =?>  2CH,CCX)H  +  2HNp,  (10) 


According  to  current  ideas  about  the  dissociation  of  nitric  acid  and  its  aqueous  solutions,  close  to  100^ 
equilibrium  (7a)  also  exists  in  nitric  acid  as  such.  On  adding  acetic  anhydride  to  nitric  acid,  the  former  reacts 
with  the  hydroxonium  ion  to  form  a  molecule  of  acetic  acid  and  a  cationof  acetic  acid  (7b).  The  formed  mole¬ 
cule  of  acetic  acid  removes  from  the  system  the  subsequent  molecule  of  nitric  acid  (7c).  The  over-all  equation 
of  the  proposed  reactions  is  represented  by  equation  (8).  Equilibria  (9)  and  (10)  are  possible  for  the  products  of 
the  right-hand  side  of  this  equation.  Equation  (9)  represents  the  process  of  formation  of  nitrogen  pentoxide  in  the 
system.  The  process  of  formation  of  the  undissociated  form  of  nitrogen  pentoxide  and  the  process  expressed  by 
equation  (7b)  shift  the  reaction  of  dissociation  of  nitric  acid  to  the  right.  With  excess  of  nitric  acid,  the  disturbed 
state  will  be  restored  by  dissociation  of  the  subsequent  molecules  of  nitric  acid  of  the  acid-base  type. 

From  the  A  A  diagram  it  follows  that  the  maximum  shift  of  the  process  expressed  by  equation  (7a)  to  the 
right  (maximum  concentration  of  nitrogen  pentoxide)  occurs  at  a  concentration  of  91  mole-^  nitric  acid.  On  the 
viscosity  diagram  the  process  of  formation  of  nitrogen  pentoxide  is  characterized  by  a  maximum  in  the  region  of 
90  mole-*)'©:  on  the  refractive  index  diagram  it  is  marked  by  a  maximum  for  the  mixture  containing  91  mole-®^ 
nitric  acid. 
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Consequently,  contrary  to  the  view  of  Chedin  and  Pendant,  on  the  one  hand,  and  to  the  view  of  Gold, 

Hughes  and  Ingold  on  the  other  hand,  we  suggest  that,  in  dependence  on  the  ratio  of  concentrations  of  starting 
components,  either  the  reversible  process  of  reaction  of  acetic  anhydride  v/ith  nitric  acid,  with  formation  of 
acetyl  nitrate,  or  the  process  of  formation  of  nitrogen  pentoxide  due  to  reaction  of  nitric  acid  with  acetic  an¬ 
hydride  will  prevail  in  the  system. 

To  summarize  our  observations  on  the  system  acetic  anhydride— nitric  acid,  we  may  say  that  the  atomic 
concentration  and  refractive  index  point  both  to  the  formation  of  acetyl  nitrate  in  the  system  and  to  formation 
of  nitrogen  pentoxide.  The  viscosity  of  the  system  clearly  reflects  only  the  process  resulting  in  formaticMi  of 
nitrogen  pentoxide. 

SUMMARY 

1.  Determinations  were  made  of  the  density  at  0“,  viscosity  at  0*  and  10*  and  refractive  index  at  0*  in 
the  system  acetic  anhydride— nitric  acid. 

2.  Deviations  of  the  atomic  concentration  from  additivity—  AA  —  reveal  the  occurrence  in  the  system  of 
two  equilibrium  processes  of  interaction  of  acetic  anhydride  with  nitric  acid:  formation  of  acetyl  nitrate  in  the 
region  of  equimolecular  concentrations  and  formation  of  nitrogen  pentoxide  in  the  region  of  very  high  concen¬ 
trations  of  nitric  acid.  In  the  first  stage  of  both  processes,  acetic  anhydride  functions  as  a  base. 

3.  The  isotherm  of  deviation  of  the  refractive  index  from  additivity  likewise  reflects  the  above-mentioned 
processes. 

4.  The  viscosity  of  the  system  clearly  reflects  only  die  process  of  formation  of  nitrogen  pentoxide. 

5.  The  density  of  the  system  acetic  acid— nitric  acid  was  determined  at  0*.  From  a  comparison  of  the 
isotherm  of  AA  in  the  system  acetic  anhydride— nitric  acid  with  theisotherm  in  the  system  acetic  acid— nitric 
acid,  it  follows  that  such  considerable  positive  deviations  of  the  atomic  concentration  from  additivity  in  the 
system  acetic  anhydride— nitric  acid  cannot  be  caused  solely  by  interaction  between  nitric  and  acetic  acids. 
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THE  REACTION  OF  ACETONE  WITH  ANHYDROUS  POTASSIUM  HYDROXIDE 


B.  T.  Zubakhin 


The  following  reactions  between  two  or  three  molecules  of  acetone  are  known: 

1)  Condensation  under  the  influence  of  acids  with  formation  of  mesityl  oxide,  phorone  and  mesitylene. 

2)  Condensation  under  the  influence  of  aqueous  solutions  of  caustic  alkalies  with  formation  of  diacetone 
alcohol. 

The  problem  of  the  mechanism  of  "resinification”  of  acetone  under  the  action  of  anhydrous  caustic  alka¬ 
lies  in  presence  of  atmospheric  oxygen  and  the  formation  of  an  oily  product  in  the  absence  of  air  has  remained  com¬ 
pletely  unclarified. 

In  the  present  investigation  we  have  succeeded  in  establishing  that  on  reaction  of  acetone  and  other  ketones 
(in  particular  diethyl  ketone)  with  anhydrous  granulated  potassium  hydroxide,  formation  takes  place  of  an  oily 
product,  the  main  mass  of  which  distils  at  150-360*  (see  table).  The  product  has  a  pleasant  minty- softwood  odor. 
From  the  acidic  products  were  separated  acetic  and  pyroracemic  acid  (in  the  form  of  their  potassium  salts). 

The  oily  product  was  subjected  to  fractional  distillation.  In  the  table  are  set  forth  die  temperature  ranges 
of  the  isolated  fractions  and  for  some  of  them  the  specific  gravities  and  refractive  indices. 

The  fractions  reacted  with  semicarbazide  acetate,  forming  semicarbazones  which,  after  many  recrystalli¬ 
zations  from  alcohol,  possessed  definite  melting  points,  corresponding  to  the  semicarbazones  of  mesityl  oxide, 
cyclohexanol,  d-pulegone,  a*thujone,  n-isopulegone.  On  the  basis  of  the  yield  of  semicarbazones  it  could  be 
concluded  that  the  investigated  fractions  contained  60-70*^  keto  compounds.  After  oxidative  treatment,  the  yield 
of  semicarbazones  rose  to  90-95<^  which  indicated  the  presence  of  25-35^  compounds  containing  hydroxyl. 

The  high-boiling  fractions  were  only  examined  qualitatively. 


Fraction 

number 

1 

Boiling  range 

Weight  of  fraction 
(in  weight -‘7o  of 
starting  product) 

‘'IS 

Main  components  of  fraction 

i 

1  1 

130-170* 

— 

- 

- 

2 

170-190 

— 

- 

- 

Cyclohexanone 

3  1 

I 

190-220 

20 

0.910 

1.494  +  1 

1 

Isopulegol,  isopulegone,  thujone 
and  thujyl  alcohol 

4 

1  220-250 

16 

- 

- 

Pule gone 

5 

250-290 

32 

0.970 

1.527 

— 

6 

290-310 

8 

- 

- 

- 

7 

310-360 

14 

0.990 

1.525 

- 

Resinous  residue 

8-10 

1.05 

— 

- 

The  boiling  points  of  the  various  fractions  set  forth  in  the  table,  their  specific  gravity  and  refractive 
index,  anddie  preparation  from  these  fractions  of  semicarbazones  with  definite  melting  points  demonstrate  that  in 
the  action  of  potassium  hydroxide  on  acetone  the  products  were  ketones  and  alcohols  identicial  with  products  of 
the  terpene  series  —  mesityl  oxide,  cyclohexanone,  n-isopulegone,  a-thujone  and,  apparently,  isopulegol  and 
thujyl  alcohol. 

These  data  enable  us  to  advance  the  following  reaction  mechanism:  At  the  start  two  molecules  of 
acetone  condense  with  formation  of  mesityl  oxide.  Formation  of  cyclohexanone  may  be  represented  as  the  con¬ 
sequence  of  far-reaching  rearrangement  of  mesityl  oxide: 


(CH3)2C=CHC0CH3 


CH;  CH, 

CHj  CHj 
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Formation  of  terpene  alcohols  may  be  regarded  as  proceeding  according  to  the  following  over-all 

equation; 

C,HioO  +  2(CH3)2C0  +  KOH - ►  CjoHuO  +  CH3COOK  +  Hp. 

Ketones  of  the  terpene  series  are  formed  by  oxidation  of  terpene  alcohols.  When  the  reaction  is  car¬ 
ried  out  in  absence  of  air,  it  evidently  stops  short  at  the  step  of  formation  of  terpene  alcohols. 

When  carrying  out  the  reaction  in  presence  of  oxygen  of  the  air,  high -boiling  products  are  also 
formed;  on  the  basis  of  a  series  of  qualitative  tests  and  of  the  data  set  forth  in  the  table,  these  are  sesquiterpenes 
and  diterpenes;  at  the  same  time  alcohol -soluble  and  bituminous  resins  are  formed. 


EXPERIMENTAL 

1.  Reaction  of  acetone  with  potassium  hydroxide.  A  mixture  of  180  ml  acetone  and  70  g  KOH  was 
stood  for  7  days  at  room  temperature.  The  liquid  was  then  decanted  from  the  solid,  neutralized,  and  fractionated 
to  give  the  fractions  shown  in  the  table. 

The  1st  and  2nd  fractions  were  again  subjected  to  fractional  distillation.  From  the  resultant  two  main 
fractions  could  be  isolated  semicarbazones  with  m.p.  156  and  166*,  which  pointed  to  the  presence  in  the  mixture 
of  mesityl  oxide  and  cyclohexanone  [1].  From  the  3rd  and  4th  fractions,  after  fractional  distillation  and  distilla¬ 
tion  with  steam,  could  be  separated  several  products;  a  first  with  b.p.  200-210",  a  second  with  b.p.  210-220",  and  a 
third  with  b.p.  220-225". 

From  the  first  product  was  obtained  a  semicarbazone  with  m.p.  186",  corresponding  to  a-thujone  [2]. 
The  oily  portion  of  the  products  which  did  not  react  with  semicarbazide  gave  the  same  semicarbazone  after  oxi¬ 
dation  with  chromic  acid. 

From  the  third  product  was  obtained  a  semicarbazone  with  m.p.  167-168",  corresponding  to  d-pulegone. 

The  portions  of  the  4th  fraction  non-volatile  with  steam  gave  still  another  semicarbazone  with  m.p. 
182-183",  corresponding  to  n-isopulegone  [3]. 

Broadly,  the  same  compounds  were  obtained  by  boiling  acetone  in  presence  of  KOH. 

Reaction  of  acetone  widi  KOH  on  heating  in  absence  of  air  gave  a  mobile,  oily  liquid.  No  resins  or 
high-boiling  derivatives  were  formed  in  this  reaction.  About  5^  of  semicarbazones  were  formed. 

After  oxidative  treatment,  the  part  volatile  in  steam  gave  two  semicarbazones  with  m.p.  186  and  174", 
corresponding  to  a  -  and  B"thujone. 

From  the  non-volatile  portion  was  obtained  isopulegone  semicarbazone  (m.p.  182-183"). 

Consequently,  the  mixture  evidently  consisted  mainly  of  thujyl  alcohol  andisopulegol.  In  the  lower 
aqueous  layer  was  found  about  potassium  acetate. 

When  diethyl  ketone  is  stood  for  a  long  period  with  solid,  finely  granulated  potassium  hydrdxide, 
a  liquid  is  formed  with  a  pleasant,  minty  odor.  After  isomerization  in  40%  KOH  solution,  this  liquid  forms  a 
semicarbazone  with  m.p.  184*. 

SUMMARY 

1.  It  is  shown  that  reaction  of  acetone  with  anhydrous  KOH  in  presence  of  oxygen  of  the  air  evidently 
leads  to  formation  of  terpenic  alcohols  and  ketones. 

2.  Only  terpene  alchols  appear  to  be  formed  when  acetone  reacts  with  anhydrous  KOH  in  the  absence 

of  air. 
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CATALYTIC  PREPARATION  OF  MIXED  KETONES  FROM  PRIMARY  ALCOHOLS 


II.  KETONIZATION  OF  A  MIXTURE  OF  ETHYL  AND  ISOAMYL  ALCOHOLS 
B.N.  Dolgov  and  G.V.  Golodnikov 


In  the  preceding  communication  [1]  consideration  was  given  to  the  process  of  ketonization  of  a  mixture  of  two 
primary  alcohols  of  normal  structure.  It  appeared  to  us  of  interest  to  investigate  further  the  characteristics  of  the  keto 
nization  of  a  mixture  of  alcohols  of  normal  and  iso  structure,  for  example  ethyl  and  isoamyl  alcohols.  As  the  results 
of  this  work  show,  on  passing  such  a  mixture  over  the  copper -activated  catalyst  of  Dolgov  and  Bolotov  [21  methyliso- 
butyl  ketone  is  obtained  in  good  yield,  as  well  as  acetone  and  diisobutyl  ketone  in  minor  amounts. 

Optimum  conditions  for  formation  of  the  mixed  ketone  were  established  by  a  study  of  the  influence  of  tempera¬ 
ture,  ratio  of  alcohols  in  the  mixture,  space  velocity  and  supplementarily  introduced  hydrogen. 

It  follows  from  experiments  with  a  passage  of  1  :  1  (molar  ratio)  mixture  of  ethyl  and  isoamyl  alcohols  over  the 
catalyst  at  various  temperatures  (between  275  and  425*)  and  constant  space  velocity  (150)  that  the  optimum  reaction 
temperature  is  350*  (Table  1). 


TABLE  1 


Experimental 

1  Yields  (in  %  of  starting  mixture  of  alcohols) 

temperature 

Acetone 

Methyl  iso- 
butyl  ketone _ 

Diisobutyl  Isovaler- 

ketone_  aldehyde 

Esters 

-Ethyl 

alcohol 

Isoamyl 

alcohol 

Molar  ratio  1  :  1 


275* 

0.0 

1.0 

0.4 

12.0 

30.4 

10.1 

23.0 

300 

3.0 

6.2 

0.6 

5.6 

30.9 

4.4 

20.1 

325 

2.7 

12.0 

1.8 

3.6 

16,4 

6.4 

11.8 

350 

2.2 

18.5 

4.1 

4.6 

9.0 

1.8 

7.2 

375 

0.0 

10.7 

4.9 

11.0 

8.4 

2.8 

4.8 

400 

0.0 

10.7 

4.0 

14.7 

2.8 

3.9 

7.8 

425 

0.0 

8.6 

3.6 

10.0 

0.7 

2.0 

18.9 

Molar  ratio  1  :  2 


275 

0.0 

4.1 

0.5 

13.2 

44.7 

9.5 

26.0 

300 

0.0  • 

10.1 

1.0 

12.6 

41.7 

4.0 

25.1 

325 

0.0 

16.0 

0.8 

3.8 

34.7 

2.6 

12.6 

350 

0.0 

12.0 

6.2 

7.2 

33.8 

3.9 

9.0 

375 

0.0 

11.7 

10.0 

8.9 

26.4 

9.0 

5.6 

400 

0.0 

6.0 

2.8 

16.7 

8.7 

•  5.9 

10.9 

425 

0.0 

6.5 

1.0 

11.1 

17.5 

5.0 

13.8 

450 

0.0 

6.3 

5.4 

7.8 

17.2 

5.0 

21.6 

Molar  ratio  2  :  1 


275 

2.6 

2.3 

0.6 

9.0 

21.0 

14.4 

300 

0.0 

5.0 

4.2 

5.6 

16.3 

4.5 

325 

0.0 

13.3 

2.1. 

4.8 

9.0 

3.0 

350 

1.0 

21.0 

4.7 

0.7 

4.0 

5.0 

375 

0.0 

2.8 

4.5 

4.5 

5.0 

13.5 

400 

•  0.0 

2.6 

6.3 

1.3 

6.4 

11.5 
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TABLE  2 


Space  velocity _ Yields  (in  %  of  starting  mixture  of  alcohols) 


Acetone 

Methyl  iso¬ 
butyl  ketone 

Diisobutyl 

ketone 

j  Isovaleraldehyde 

Esters  i 

1 

_ 1 

Ethyl  j 

alcohol  1 

Isoamyl 

alcohol 

51  j 

0.8 

1  16.4 

6.2 

0.5 

3.0 

3.4 

99  1 

0.6 

1  18.0 

5.1 

0.5 

4.5 

2.5 

151  i 

1.0 

!  21.0 

4.7 

0.7 

4.0 

5.0 

1.8 

200 

2.0 

1  7.0 

4.7 

16.7 

7.0 

12.0 

8.0 

301 

3.5 

2.6 

i 

4.0 

7.7 

9.4 

25.6 

8.2 

TABLE  3 


Experimental  conditions  1 

1 

Yields  (in  %  of  starting  mixture  of  alcohols) 

.  Acetone 

\ 

Methyl  iso- 
butyl  ketone 

Diisobutyl 

ketone 

Isovaler¬ 

aldehyde 

Esters 

Ethyl 

alcohol 

Isoamyl 

alcohol 

In  presence  of  hydrogen 

1.0 

21.0 

4.7 

0.7 

4.0 

5.0 

1.8 

Without  hydrogen 

1st  hour  1 

1  0.0 

3.9 

2.7 

17.4 

4.5 

12.2 

9.4 

2nd  hour  | 

1  0.0 

3.2 

2.1 

20.9 

5.5 

16.9 

12.6 

The  slightly  higher  optimum  temperature  in  this  case  in  comparison  with  the  temperature  of  the  reaction  of 
formation  of  methyl  propyl  ketone  (325*)  [1]  is  due  to  the  effect  of  the  branching  of  one  of  the  starting  alcohols. 

As  we  see  from  Table  1,  the  best  ratio  of  ethyl  and  isoamyl  alcohols  from  the  standpoint  of  yield  of  methyl  iso¬ 
butyl  ketone  is  a  molar  ratio  of  2  :1,  at  which  the  mixed  ketone  is  obtained  as  the  main  reaction  product.  Just  as  in 
the  case  of  a  mixture  of  ethyl  and  butyl  alcohols,  rise  of  temperature  is  accompanied  by  a  drop  in  the  yield  of  esters 
t  which  at  low  temperatures  reaches  20-45%  of  the  mixed  alcohols  passed  through.  The  maximum  for  methyl  isobutyl 

ketone  at  350*  corresponds  to  a  minimum  for  isovaleraldehyde.  Consequently  fresh  confirmation  is  obtained  of  inter¬ 
mediate  formation  of  aldehydes  and  esters  during  ketonization  of  mixtures  of  alcohols. 

The  effect  of  space  velocity  on  the  yields  of  methyl  isobutyl  ketone  was  determined  from  experiments  with  a 
mixture  of  ethyl  alcohol  and  isoamyl  alcohol  in  the  molar  ratio  of  2  ;  1  at  350*,  i.e.  under  the  optimum  conditions  for 
formation  of  methyl  isobutyl  ketone.  It  follows  from  inspection  of  the  data  of  Table  2  that  the  best  yields  of  mixed 
ketone  are  obtained  at  space  velocities  of  50-150,  further  rise  of  space  velocity  to  200  sharply  reducing  the  yields. 
Isovaleraldehyde  is  obtained  in  insignificant  yield  in  the  region  of  maximum  yields  of  methyl  isobutyl  ketone,  but 
its  amount  rises  sharply  at  a  space  velocity  of  200. 

For  clarification  of  the  role  of  hydrogen,  a  2  :  1  (molar)  mixture  was  passed  over  the  catalyst  at  optimum  con¬ 
ditions,  i.e.  at  350*  and  space  velocity  of  150*,  but  in  the  absence  of  hydrogen.  The  experiment  was  continued  for 
two  hours,  and  the  liquid  and  gaseous  products  collected  after  the  first  and  second  hour  were  examined  separately. 

We  see  from  Table  3  that  in  the  absence  of  hydrogen  there  is  a  sharp  drop  in  the  yield  of  methyl  isobutyl  ketone,  ac¬ 
companied  by  an  equally  sharp  rise  in  yield  of  isovaleraldehyde  and  a  slight  rise  in  the  amount  of  esters. 

Performance  of  the  reaction  without  hydrogen  inhibits  the  steps  of  condensation  of  aldehydes  to  esters  and 
ketones. 


EXPERIMENTAL 

The  ethyl  alcohol  used  in  the  work  was  commercial  rectified  spirit  (95%),  d^*  0.805.  The  commercial  isoamyl 
alcohol  was  dried  over  Na2S04  and  distilled:  b.p.  130.5-132. 0*;  d^*  0.816  nfi  1.4080.  The  experiments  were  performed 
in  the  apparatus  used  for  ketonization  of  a  mixture  of  ethyl  and  butyl  alcohols  [1].  The  liquid  condensates  from  each 
experiment  were  fractionated  in  a  rectifying  column.  The  following  fractions  were  usually  obtained:  1st  54-60*; 

2nd  60-80*;  3rd  80-90*;  4th  90-95*;  5th  95-118*;  6th  113-118*;  7th  118-145*;  8th  145-163*;  9th  163-168*;  10th  168- 
188*;  residue  (above  188*).  Fractions  with  identical  boiling  points  from  all  the  fractionations  were,  after  analysis,  com¬ 
bined  and  refractionated  in  a  column  in  order  to  isolate  the  individual  substances  and  to  identify  them. 

The  first  fraction  contained  acetone  and  formed  not  moe  than  1-2%  of  the  weight  of  condensates;  it  was  ana¬ 
lyzed  for  its  ketone  content  by  the  hydroxylamine  method. 
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The  2nd  fraction  contained  ethyl  acetate  and  isovaleraldehyde.  CjHjO  was  determined'  by  difference. 

The  3rd  and  4th  fractions  contained  isovaleraldehyde,  which  was  determined  by  the  ammoniacal  silver  method, 
and  water. 

The  5th  fraction  consisted  of  isovaleraldehyde,  methyl  isobutyl  ketone  and  water.  On  refractionation,  a  fraction 
corresponding  to  isovaleraldehyde  was  separated. 

b.p,  91.5-92.5*,  nf5  1.3920. 

Literature  data:  b.p.  92.5*,  nj)  1.39225. 

The  2,4-dinitrophenylhydrazone  melted  at  122.5-123.0  (the  literature  reports  123.0*). 

Found ‘7o:  N  21.12.  CaHi404N4.  Calculated  N  21.05. 

The  6th  fraction  contained  methyl  isobutyl  ketone  which  was  isolated  and  identified  after  refractionation: 

B.p.  115.5-116.5*,  di®  0.8056.  nfj  1.3973. 

Found:  M  100.3,  98.8.  CeHjzO.  Calculated;  M  100. 

The  recrystallized  semicarbazone  had  m.p.  130.5-131.0*  (literature  132.0*). 

Found  <70:  N  27.0.  C7H15ON3.  Calculated  <^o:  N  26.75. 

From  the  7th  fraction  on  refractionation  was  separated  129.5-131.0  and  131-143*  fractions. 

The  129.5-131.0*  fraction  was  isoamyl  alcohol. 

The  131-145®  fraction  contained  ethyl  isovalerate  (b.p.  134.7®)  and  isoamyl  acetate  (b.p.  142*),  Their  presence 
was  confirmed  by  saponification  of  the  fraction  with  25*70  KOH  when  2  fractions  of  organic  acids  a  and  b  were  obtained; 
from  the  latter  were  prepared  the  silver  salts. 

Fraction  a.  Found  <7o:  Ag  51,20.  C4H9CC)OAg.  Calculated  Ag  51.65. 

Fraction  b.  Found  °lo‘.  Ag  65.23,  CHsCOOAg.  Calculated  <%:  Ag  64.65. 

The  8th  fraction  was  an  intermediate  one,  very  small  in  quantity  and  containing  diisr^utyl  ketone  (identified 
by  analysis). 

The  9th  fraction  contained  diisobutyl  ketone  which  was  isolated  by  refractionation  and  was  identified: 

B.p.  165-166",  4“  0.8274,  nB  1.4138. 

Literature  data:  b.p.  168®,  dj®  0.8279,  nU  1.4120. 

The  recrystallized  semicarbazone  had  m.p.  121-122*  (literature:  121-122*), 

Found  <7o:  N  21.62,  CioHziONj.  Calculated  <5i):  N21.il. 

The  2,4-dinitrophenylhydrazone  melted  at  66.0-66.5*  (literature;  66*). 

The  10th  fraction  and  the  residue  craitained  (by  analysis)  ketones  and  esters.  Re  fractionation  gave  fractions  cor¬ 
responding  to  isoamyl  isovalerate: 

B,p.  188-190®,  df  0.8577,  ng  1.4136. 

Literature  data,-  b.p.  190,4®,  dj**’  0,8583,  np'^  1,41300. 

Found:  M  168,3,  168.9,  CioHjoCfe.  Calculated:  M  172. 

The  composition  of  the  gas  from  ekperiments  under  conditions  most  favorable  for  formation  of  mixed  ketone  is 
characterized  by  a  very  high  content  of  hydrogen  (about  it  also  contains  CO^  (5-6*7))  and  CO  (5-8*7)).  The  ole¬ 
fins  content  of  the  gas  is  very  small  (2-2.97)),  saturated  hydrocarbons  are  absent. 

SUMMARY 

1.  In  the  formation  of  methyl  isobutyl  ketone  as  the  main  product  of  reaction  over  activated  copper  catalyst, 
the  optimum  conditions  are  a  molar  ratio  of  ethyl  and  isoamyl  alcohols  in  the  starting  mixture  of  2  ;!,  a  temperature 
of  350®,  and  a  space  velocity  of  50-150.  Under  these  conditions  the  yield  of  methyl  isobutyl  ketone  is  18-21*7)  on  the 
starting  mixture,  that  of  acetone  is  0,6-l*7)k  and  that  of  diisobutyl  ketone  about  5*7).  The  overall  yield  of  ketones  is 
not  less  than  24-26*7)  reckoned  on  the  starting  mixture. 

2.  At  low  experimental  temperatures  (275-300*)  high  yields  of  esters  (up  to  497))  are  obtained.  Among  the  re¬ 
action  products  are  ethyl  acetate,  isoamyl  acetate,  ethyl  isovalerate  and  isoamyl  isovalerate. 

3.  The  slightly  higher  optimum  temperature  for  formation  of  methyl  isobutyl  ketone  in  comparison  with  that 
for  methyl  propyl  ketone  is  explained  by  the  Effect  of  the  branched  structure  of  one  of  the  starting  components. 
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CATALYTIC  SYNTHESIS  OF  KETONES 
III.  SYNTHESIS  OF  METHYL  ETHYL,  METHYL-n-BUTYL  AND  METHYLISOBUTYL  KETONES 
I.P,  Yakovlev  and  Ya.  Dorfman 


In  preceding  communications  it  was  shown  that  reaction  of  acetic  acid  with  ethyl  alcohol  [1]  and  of  acetyl 
chloride  with  ethyl  bromide  gives  methyl  ethyl  ketone  [2];  acetic  acid  and  n -butyl  alcohol  give  methyl  sec -butyl  and 
methyl  n-butyl  ketones.  At  the  same  time  a  general  scheme  was  put  forward  for  the  catalytic  synthesis  of  ketones 


[1-3]  according  to  which  any  two  molecules  of  the  type  of  R- 


and  Y  -  CH2  -  CH2  -  R’ 


must  form  a  ketone  over 


a  catalyst  in  a  specified  temperature  range  in  presence  of  hydrogen.  X  and  Y  may  be:  H,  halogens,  OH,  OR,  OCOR, 
apparently  the  N(H,  group,  etc. 


We  now  continue  the  investigation  and  the  checking  of  the  theoretical  concepts  of  the  mechanism  of  ketoniza- 
tion  advanced  previously  by  one  of  us  [1,  2,  3].  A  new  method  Is  also  submitted  for  the  synthesis  of  ketones,  starting 
from  acetic  anhydride  and  alcohols  (ethyl,  butyl  and  isobutyl). 


On  the  basis  of  the  earlier  considerations  the  reaction  between  an  acid  anhydride  and  an  alcohol  may  be  repre¬ 
sented  in  the  following  general  form: 


(1) 


-  H,0 


R-  CH2  -  CH2  -  OH  — ^ 


R-tpH-CHj 


R’-CCL 

(2)  R  -  CH  -  CH2  +  /O 

-i— L-  R--CC/ 

catalyst 

(3)  R-CH-CH2-CO-R’ 

I 

OCO-  R‘ 


catalyst 

-  R-  CH-  CHj-  CO-  R'. 

I 

OCO-R' 

R-CH=CH-CO- R*  +R'-COOH. 


+H 

(4)  R-CH=CH-CO- R*  — ^  R  -  CH2  -  CH2  “  CO"  R* . 

Carboxylic  acids  may  here  be  formed  both  by  hydrolysis  of  the  anhydride  with  water  released  in  reaction  (1), 
and  by  decomposition  of  the  keto  ester  according  to  (3). 

The  experimental  work  confirms  this  scheme.  Actually  there  were  obtained  only  those  reaction  products  to  be 
expected  from  the  schemes:  1)  from  acetic  anhydride  and  ethyl  alcohol  were  obtained  acetone  and  methyl  ethyl 
ketone;  2)  from  acetic  anhydride  and  n-butyl  alcohol  were  obtained  acetone,  methyl  sec*butyl  and  methyl  n-butyl 
ketones;  3)  from  acetic  anhydride  and  isobutyl  alcohol  were  obtained  acetone  and  methyl  isobutyl  ketone. 


EXPERIMENTAL 


Starting  substances.  The  acetic  anhydride  had  the  following  constants:  b.p.  139.5*,  nj)  1.3900.  The  ethyl  al¬ 
cohol  was  dehydrated  with  copper  sulfate  (anhydrous).  Final  concentration  of  ethanol  99.5%  (by  weight);  b.p.  78.5*; 
nJ5  1.3615.  n-Butyl  alcohol  had  b.p.  117*;  nf^  1.399.  Isobutyl  alcohol  had  b.p.  107*;  n{5  1.397.  Hydrogen  was  ob¬ 
tained  by  the  action  of  sulfuric  acid  on  zinc  free  from  arsenic,  and  it  was  purified  with  a  solution  of  potassium  bich¬ 
romate  in  sulfuric  acid.  The  catalyst  was  prepared  from  chromic  oxide  and  manganese  nitrate  [4]. 


Experiments  were  carried  out  in  an  ordinary  laboratory  catalytic  apparatus.  The  starting  mixture  was  fed  at 
constant  speed  from  an  automatic  buret.  The  catalyst  (80  ml),  consisting  of  equal  parts  by  weight  of  chrome-’* 
manganese  powder  and  asbestos  wool,  was  placed  in  a  zone  of  the  furnace  with  approximately  identical  temperature. 
The  temperature  of  the  electric  furnace  was  adjusted  with  a  laboratory  autotransformer  and  was  measured  with  a 
thermocouple  in  a  pyrex  case  placed  in  the  reaction  tube.  The  required  volume  of  hydrogen  was  measured  with  a 
flowmeter.  The  gases  were  passed  either  to  atmosphere  or  to  a  gasholder  for  analysis. 

The  catalyzate  was  worked  up  in  the  following  manner;  a)  preliminary  distillation  from  a  Favorsky  flask; 
b)  treatment  with  calcium  chloride  for  removal  of  water  and  alcohol;  c)  fractional  distillation  in  a  laboratory 
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TABLE  1 


Experi¬ 

ment 

No. 

Tempera¬ 

ture 

1  Feed  velocity 
of  mixture 
(in  ml/hour) 

1  Products  of  reaction  (in  g) 

Acetone 

Methyl  ethyl 
ketone 

Acetal¬ 

dehyde 

Acetic 

acid 

1 

400* 

1 

15 

21.6 

- 

1.6 

- 

2 

460  1 

i  15 

13.0 

- 

0.8 

- 

3 

440  1 

25 

3.5 

—  ■ 

— 

Traces 

Note:  The  amount  of  mixture  in  all  experiments  was  100  ml  and  the  molar 
ratio  of  alcohol  to  anhydride  was  1:1. 


TABLE  2 


fractionating  column.  The  ketones 
obtained  were  identified  from  their 
constants  and  from  their  semicarba- 
zones  and  2,4-dinitrophenylhydra- 
zones.  The  ketones  were  quantita¬ 
tively  determined  by  titration  with 
hydroxylamine  hydrochloride  in 
presence  of  bromophenol  blue  [5]. 

1.  Synthesis  of  methyl 
ethyl  ketone  from  acetic  anhydride 
and  ethyl  alcohol.  Data  for  ex¬ 
periments  in  absence  of  hydrogen 
are  set  forth  in  Table  1. 


Experi¬ 

ment 

No. 

— 

Tempera¬ 

ture 

Reaction  products  (in  g) 

Acetone 

Methyl  ethyl 
ketone 

Acetalde¬ 

hyde 

Acetic 

acid 

4 

450* 

6 

1.1 

5 

435 

10.2 

3.2 

- 

6 

420 

28.0 

6.0 

- 

7 

405 

14.0 

5.2 

0.8 

Traces 

Note:  In  all  experiments  the  amount  of  mixture  was  100  ml;  the 
of  alcohol  to  anhydride  was  1:1;  the  feed  velocity  of  the 
15  ml/hour. 


and  attention  is  drawn  to  the  favorable  effect  of  hydrogen  in  the 
gen  is  perceived  in  the  scheme,  which  indicates  that  in  the  first 
susceptible  to-resinification  and  polymerization. 


The  data  of  Table  1  show 
that  the  main  reaction  product  is 
acetone.  Methyl  ethyl  ketone  and 
methyl  vinyl  ketone  were  not  de¬ 
tected  in  the  catalyzates  from  any 
of  the  three  experiments.  In  ex¬ 
periments  2  and  3  the  yield  of 
acetone  and  acetaldehyde  falls 
regularly.  The  catalyst  was  de¬ 
activated  very  quickly.  During 
cleaning  of  tlie  catalyst  tube,  a 
heavy  carbonaceous  deposit  was 
found  upon  the  catalyst.  A  simi¬ 
lar  observation  is  reported  in  the 
literature  [6]  for  copper  catalysts 
ketonization  reaction.  This  role  of  additions  of  hydro¬ 
instance  vinyl  ketones  are  formed  and  these  are  very 


molar  ratio 
mixture  was 


The  following  experiments  were  carried  out  in  presence  of  an  equimolecular  amount  of  hydrogen  in  relation  to 
the  alcohol.  Results  of  experiments  in  presence  of  hydrogen  are  set  forth  in  Table  2. 

As  we  see  from  the  data  of  Table  2,  in  experiments  4-7  the  temperature  was  varied  at  constant  molar  ratio  of 
components  and  constant  space  velocity.  Maximum  yield  of  methyl  ethyl  ketone  was  observed  at  420*.  The  results 
of  experiment  7  indicate  that  at  low  temperature  a  part  of  the  acetic  anhydride  is  hydrolyzed  by  water  to  acetic  acid 
and  does  not  enter  into  reaction. 


The  acetic  acid  in  the  reaction  products  was  qualitatively  detected  by  reaction  with  sodium  carbonate  and  quan¬ 
titatively  determined  by  titration  with  caustic  alkali  solution.  Acetaldehyde  was  identified  through  the  semicarbazone 
(m.p,  162*),  Characteristically  the  main  product  of  the  reaction  was  acetone,  the  amount  of  methyl  ethyl  ketone  being 
3  to  5  times  smaller. 


For  establishment  of  the  optimum  conditions  for  formation  of  methyl  ethyl  ketone,  in  the  following  experiments 
the  space  velocity  and  molar  ratio  of  components  were  successively  changed.  Results  of  these  experiments  are  set  forth 
in  Table  3. 


As  we  see  from  Table  3,  the  maximum  feed  velocity  of  the  starting  mixture  was  40  ml/ hour.  The  optimum 
molar  ratio  of  components  (ethanol  and  acetic  anhydride)  was  3  :  1. 

Consequently  the  optimum  conditions  for  methyl  ethyl  ketone  formation  are:  temperature  420*;  molar  ratio  of 
edianol  to  anhydride  3  :  1;  feed  velocity  of  starting  mixture  of  40  ml/ hour.  The  yield  of  methyl  ethyl  ketone  was 
27.5%  of  the  theoretical  calculated  on  the  acetic  anhydride.  It  should  be  noted  that  in  tire  case  of  acetic  acid  and 
ethyl  alcohol  the  yield  of  methyl  etiiyl  ketone  may  reach  over  90%  [1]. 

2.  Synthesis  of  methyl  butyl  ketones  from  butyl  alcohol  and  acetic  anhydride.  All  the  experiments  on  synthesis 
of  methyl  butyl  ketones  were  carried  out  in  presence  of  hydrogen.  The  first  experiment  was  carried  out  under  the  op¬ 
timum  conditions  for  formation  of  methyl  ethyl  ketone. 

After  fractionation  of  the  catalyzate  and  elimination  of  water  and  unreacted  butyl  alcohol,  two  fractions  were 


1164 


Experi¬ 

ment 

No. 

'  Amount’of 

mixture 
(in  ml) 

Molar  ratio 
of  alcohol 
to  anhydride 

TCmpe- 

Products  of  reaction  (in  g) 

tature 

Acetone 

Methyl  sec- 
butyl  ketone 

Methyl  n- 
butyl  ketone 

Acetic 

acid 

Butyral- 

dehyde 

2 

75 

3  :  1 

435* 

2.1- 

8.0 

2.0 

— 

16,4 

3 

75 

3  :  1 

450 

■  1.4 

10.1 

3.2 

Traces 

12.4 

4 

75 

3  :  1 

465 

0.2 

7.8 

1.6 

1.8 

9.1 

5 

56.5 

2  :  1 

450 

1.9 

11.8 

3.2 

Traces 

11.4 

Note:  Feed  velocity  of  the  mixture  in  all  experiments  40  ml/  hour. 


A  series  of  experiments  was  carried  out  to  establish  the  optimum  conditions  for  production  of  methyl  butyl  ke¬ 
tones.  Results  are  set  forth  in  Table  4. 

The  data  of  Table  4  show  that  the  optimum  conditions  for  catalytic  synthesis  of  methyl  butyl  ketones  are: 
molar  ratio  of  butyl  alcohol  and  acetic  anhydride  2  :  1,  space  velocity  40  ml/ hour,  temperature  450*. 

The  yield  of  methyl  sec-butyl  ketone  was  60%  of  the  theoretical  reckoned  on  the  acetic  anhydride;  that  of 
methyl  n-butyl  ketone  was  16%. 

3.  Synthesis  of  methyl  isobutyl  ketone  from  acetic  anhydride  and  isobutyl  alcohol.  Experiments  were  carried 
out  in  presence  of  hydrogen.  The  first  experiment  was  performed  under  the  optimum  conditions  for  production  of 
methyl  butyl  ketones;  from  the  catalyzate  w^  then  isolated  isobutyraldehyde  with  b.p.  64* ,  nf5  1.373,  and  methyl 
isobutyl  ketone,  b.p,  117*  at  750  mm,  n{)  1,3965,  dj^  0,8038,  MRd  29.92,  calculated  29.92;  semicarbazone  m.p.  I"'*  '' 
132,0’,  no  depression  in  mixed  test;  2,4-dinitrophenylhydrazone  m.p.  94*. 

(CHjlzCCHjCXOCHs 

According  to  the  reaction  scheme  the  formation  of  an  ester  with  the  structure  j  ..is  possible, 

COCHj 

but  t!;is  ester  was  not  found  when  the  catalyzate  was  examined. 

It  is  necessary  to  point  out  that  the  yield  of  methyl  isobutyl  ketone  was  insignificant  and  amounted  to  3.2%  of 
the  theorectical  reckoned  on  the  acetic  anhydride.  The  yield  could  not  be  imjwoved  by  varying  the  various  condi¬ 
tions  of  catalysis. 

Analysis  of  the  gases.  Only  those  gases  were  examined  which  ^were  obtained  under  optimum  conditions  for  the 
respective  ketones.  The  unsaturated  hydrocdtbcns,  carbon  monoxide  and  carbon  dioxide  were  investigated.  Results 
of  gas  analysis  are  set  forth  in  Table  5. 

From  the  data  of  Table  5  we  see  that  unsaturated  hydrocarbons  are  only  obtained  when  hydrogen  is  not  addi¬ 
tionally  fed  into  the  system.  The  yibld  of  carbon  dioxide  is  also  characteristic:  when  the  system  contains  additi- 
tionally  introduced  hydrogen,  the  yield  of  COfe  falls  4-5  times,  while  the  yield  of  carbon  monoxide  increases.  It 
may  be  assumed  that  in  the  instant  of  its  formation  the  CO^  is  reduced  to  CO  by  hydrogen. 
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TABLE  5 


SUMMARY 


Results  of  gas  analysis 


Number  of  experimental 
series 

1 

Composition  < 

of  gas  (in  vol. 

,-%) 

Unsaturated 

hydrocarbons 

Carbon 

monoxide 

Carbon 

dioxide 

^  r  Without  hydrogen  j 

4.5 

11 

8 

\  With  hydrogen  ! 

— 

17 

1.5 

2  ^'Without  hydrogen 

!  5 

21 

13 

\With  hydrogen 

1 

29 

3.5 

g  1  Without  hydrogen 

- 

19.5 

1.0 

^.Widi  hydrogen 

5.4 

18 

4 

methyl  n-butyl  ketone  in  a  yield  of  16‘7o  reckoned  on  the  acetic 
hydride  and  isobutyl  alcohol  in  a  yield  of  3.2^o. 


1.  It  was  established  that  acetic  anhydride 
and  ethyL  n-butyl  and  isobutyl  alcohols  can  serve 
as  components  of  the  ketonization  reaction  whose 
mechanism  had  been  proposed  by  one  of  us. 

2.  A  new  method  of  synthesis  of  ketones  was 
developed  starting  from  acid  anhydrides  and  al¬ 
cohols. 

3.  The  following  were  synthesized;  a)  me¬ 
thyl  ethyl  ketone  from  acetic  anhydride  and  etha¬ 
nol  in  a  yield  of  27%  reckoned  on  the  acetic  anhy¬ 
dride;  b)  methyl  sec-butyl  ketone  from  acetic 
anhydride  and  butyl  alcohol  in  a  yield  of  60%  and 

anhydride;  c)  methyl  isobutyl  ketone  from  acetic  an- 


4.  It  was  established  that  only  in  presence  of  hydrogen  is  the  catalytic  synthesis  of  saturated  ketones  from  alco¬ 
hols  and  acid  anhydrides  possible. 


5.  The  chrome- manganese  catalyst  does  not  deteriorate  in  presence  of  hydrogen  and  does  not  require  regenera¬ 


tion. 
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INFLUENCE  OF  THE  ACIDITY  OF  THE  MEDIUM  ON 


THE  COMPOSITION  OF  TARTRATE  COMPLEXES  OF  COBALT 

M,  E,  Tsimbler 


In  an  investigation  of  the  tartrate  complex  of  cobalt  we  established  [1]  that  in  presence  of  a  complex  peptizer 
(solution  of  tartrate  and  alkali)  with  a  ratio  of  equivalents  of  Na2C4U406‘'''i!^NaOH  in  the  range  of  1  :  1  to  2  :  1,  the 
complex  Na2[CoC4H205]  is  formed.  When  studying  the  tartrate  complex  of  bismuth,  copper  and  cadmium,  we  satis¬ 
fied  ourselves  that,  depending  on  the  concentration  of  tartrate  and  alkali,  the  composition  of  the  complex  changes. 

With  increasing  concentration  of  tartrate  the  formation  of  complexes  proceeds  at  the  expense  of  the  carboxyl  and 
hydroxyl  groups  of  the  tartrate. 

Reaction  of  solutions  of  sodium  tartrate  with  salts  of  cadmium  and  copper  gives  the  complexes  Na2[Me(C4H404)2], 
where  Me  =  Cd”  or  Cu*';  consequently  complex  formation  proceeds  at  the  expense  of  the  carboxyl  groups  [1].  Hence, 
by  analogy,  we  may  suggest  that  with  falling  pH  of  the  solution  the  reaction  of  formation  of  tartrate  complexes  of 
cobalt  ought  to  proceed  according  to  the  scheme: 


COONa 

1 

1 

0 

A 

0  0 
0  X 
u — u 

COO  -  Co  -  OOC 

1  1 

1 

CHOH 

HOHC 

CHOH 

1 

(!:hoh 

1 

1 

HOHC 

COONa 

COONa 

1 

COONa 

1 

NaOOC 

(I) 

(II) 

(III) 

On  this  basis  we  should  expect  that  with  falling  concentration  of  NaOH  in  the  complex  peptizer,  the  formation 
of  the  complex  ought  to  proceed  at  the  expense  of  one  carboxyl  and  one  hydroxyl  group  of  the  tartrate,  or  only  at  the 
expense  of  its  carboxyl  groups.  We  decided  that  it  was  of  interest  to  verify  this  hypothesis  experimentally.  The  com¬ 
plex  (II)  was  prepared  from  solutions  with  a  ratio  of  equivalents  of  tartrate  and  caustic  alkali  in  the  range  of  4  :  1  to 
8  :  1.  We  determined  the  composition  of  the  resultant  complexes  by  the  previously  developed  method,  whose  main 
features  are  outlined  below. 

The  complex  is  precipitated  by  running  20-25  ml  96%  alcohol  into  the  solution.  The  precipitate  is  quickly  fil¬ 
tered  and  washed  with  alcohol  until  free  from  OH'  and  SO4"  ions.  The  wet  precipitate  is  then  transferred  to  a  porce¬ 
lain  dish,  dried  to  constant  weight  at  105*  and  analyzed. 

A  weighed  amount  of  0.18-0.2  g  precipitate  is  carefully  burned  and  ignited  in  a  porcelain  crucible  (for  deter¬ 
mination  of  the  content  of  volatiles).  The  solid  is  transferred  to  a  beaker,  treated  with  hot  water,  and  left  to  stand; 
the  solution  is  then  filtered  into  a  flask.  This  operation  is  repeated  until  the  solution  is  neutral  to  phenolphthalein. 
After  being  made  alkaline,  the  residue  in  the  beaker  is  transferred  to  a  filter.  The  amount  of  alkali  in  the  filtrate 
is  determined  and  recalculated  for  sodium. 

The  residue  and  filter  are  transferred  to  a  beaker  and  dissolved  with  heating  in  2  N  sulfuric  acid.  Since  the 
solid  dissolves  very  slowly,  a  little  concentrated  sulfuric  acid  is  added  to  the  solution  which  is  heated  and  then  stood 
for  12  hours.  The  solution  is  then  evaporated  down  and  the  cobalt  is  determined  [2]. 

From  the  determination  of  the  composition  (we  omit  numerical  data)  it  could  be  concluded  that  in  the  com¬ 
pounds  formed  the  amount  of  sodium  decreases  while  that  of  cobalt  increases  in  comparison  with  the  complex  (1) 
for  which  was  calculated(%):  Na  18,3;  Co  23.4.  Thus,  for  example,  when  using  a  complex  peptizer  with  an  8  :  1 
ratio  of  equivalents  the  following  contents  were  found:  Na  ll.OlYo;  Co  24.55%.  For  the  complex  Na[CoC4H3C^] 
were  calculated(%);  Na  10.04;  Co  25.74,  From  a  comparison  of  these  figures  we  can  conclude  that  under  these  con¬ 
ditions  equilibrium  (1)  is  shifted  in  the  direction  of  formation  of  the  complex  Na[CoC4H30j].  It  was  impossible  to 
separate  complex  (II),  Consequently  with  participation  of  a  complex  peptizer  in  the  solution  two  complexes  (1)  and 
(II)  are  formed,  but  the  relative  amount  of  complex  (11)  increases  with  decreasing  concentration  of  NaOH  in  the  com¬ 
plex  peptizer. 

For  the  preparation  of  the  complex  Na2[Co(C4H40^)2]  (Ill),  formed  at  the  expense  of  only  the  carboxyl  groups. 
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TABLE  1 


Taken  (in  ml)  | 

1  Weight  of  dry  precipitate 

0.1  N  HCl  used 

1  Found  (°!o) 

(in  g) 

(ml) 

Na  { 

Co 

25  1  5 

0.2046 

9.60 

i 

10.79 

16.86 

20  i  4 

1 

0.1980 

9,05 

10.51 

16.95 

TABLE  2 


Taken  (in  ml)  | 

Weight  of  dry  precipitate 

0.1  N  HCl  used 

1  Found  (%) 

0.5  N  Na-C^HiOs 

0.5  N  CoSOi 

_ _ (in_g) _ i 

(ml) 

Na 

Co 

20 

4 

0.2024 

10.05 

11.42 

11.65 

20 

4 

0.2232 

10.95 

11.28 

14.54 

4-5  ml  0.5  N  solution  of  C0SO4  or  Co(No8)j  was  run  into  20-25  ml  0.5  N  solution  of  Na2C4H40e.  Analysis  was 
performed  as  above.  Results  obtained  are  set  forth  in  Table  1. 

From  an  examination  of  the  data  of  this  table  we  see  that  complexes  (III)  and  (II)  are  present  in  the  compounds 
formed.  Found  Na  10.65;  Co  16.90;  C4H40^’ 72.45.  Na2[Co(C4H40b)2].  Calculated  Na  11.49;  Co  14.70; 

C4H4C)|5  73.81.  The  presence  in  the  isolated  precipitates  of  an  insignificant  amount  of  complex  (II)  is  evidently  to  be 
explained  by  the  fact  that  OH*  ions  are  present  in  the  Na2C4H4C)t  solution,  due  to  hydrolysis,  and  these  make  possible 
the  formation  of  a  small  amount  of  C4H304"anions: 

C4H4Qg  +  OH'  =  C4H3Qg'+  H2O. 

Coe"  +  C4H30{*^  [CoC^H^O^  . 

With  the  objective  of  completely  suppressing  the  formation  of  Na[CoC4H305]  and  of  obtaining  solely  .. 
Na2[Co(C4H40^)2],  we  decided  to  lower  the  pH  of  the  sodium  tartrate  solution;  for  this  we  carried  out  experiments 
using  a  solution  of  Na2C4H40e  brought  to  acid  reaction  in  presence  of  methyl  red  indicator  (Table  2).  The  composi¬ 
tion  was  determined  by  the  previously  described  method  with  the  following  modification:  the  complex  was  brought 
down  with  96*  alcohol  and  washed  with  dilute  70*  alcohol  until  free  from  SQJ.  The  reason  for  the  modification  was 
that  in  presence  of  salts  (obtained  on  neutralizing  Na2C4H404)the  addition  of  96*  alcohol  brings  down  unreacted  tar¬ 
trate  together  with  the  complex  'The  data  of  Table  2  show  that  the  formula  of  the  complex  formed  is  Na2[Co(C4H40,)2]. 

SUMMARY 

1.  The  reaction  of  formation  of  tartrate  complexes  of  cobalt  in  presence  of  a  solution  of  a  complex  peptizer 
proceeds  according  to  scheme  (1).  With  decreasing  concentration  of  the  NaOH  solution  of  the  complex  peptizer,  the 
equilibrium  is  shifted  from  left  to  right  in  the  equation  [C0C4H2O8]"  +  H‘  [CoC4H30gJ . 

2.  Reaction  of  solutions  of  Naj:C4H405(pH  4.4)  with  cobalt  salts  gives  the  tartrate  complex  Na2[Co(C4H40t)2]. 

LITERATURE  CITED 

[1]  M.E.  Tsimbler,  Ukrain,  Chem.  J„  17,  577  (1951);  18,  376  (1952). 

[2]  F.  Treadwell,  Gravimetric  Analysis  ,  State  Sci.  Tech.  Press,  107  (1931). 


Received  December  1953 


Kiev  Institute  of  Water  Softening  and 
Purification 


STUDY  OF  THE  REACTION  OF  T  RI  A  L  K  Y  S I L  A  N  E  S  WITH  ALCOHOLS 
SYNTHESIS  OF  TRIALKYLALKOXYSILANES  AND  THEIR  PHYSICAL  PROPERTIES 
B.N.  Dolgov,  N.P.  Kharitonov  and  M.G.  Voronkov 

One  of  the  principal  differences  between  die  chemistry  of  silicon  and  the  chemistry  of  carbon  is  the  very  much 
greater  reactivity  (which  is  also  specific)  of  the  Si  -H  bond  in  comparison  with  the  C-H  bond.  Thus,  for  example, 
the  Si-H  bond  is  readily  cleaved  by  water  [1-81  alcohols  [9-201  ammonia  [21,  22,  25]  and  amines  [21-24,  35]  in 
presence  of  the  suitable  bases  ~  hydroxides,  alcoholates  and  amides  of  alkali  metals  —  according  to  the  general  ' 
scheme: 

MX 

>Si-H  +  HX - >  -^Si-X  +  Hj 

(X  =  OH,  OR,  NH2.  NHR,  NR2:  M  =  Li,  Na,  K). 

The  Si-H  bond  is  also  cleaved  by  water  in  presence  of  ammonia  [25]  or  organic  bases  like  piperidine  [14,  26] 
or  tetraalkylammonium  hydroxides  [27],  Cleavage  of  the  Si-H  bond  also  takes  place  under  the  action  of  alcoholic 

solutions  of  ammonia  [15],  By  contrast,  the  Si  -  H  bond  exhibits  adequate  stability  towards  dilute  mineral  acids  and  is 
completely  inert  to  pure  water  and  alcohols. 

All  these  reactions  of  substitution  of  the  hydrogen  atom  linked  to  silicon  have  no  analogy  in  organic  chemistry. 
They  occur  because  the  Si— H  bond  is  polarized  in  a  different  direction  to  the  C— H  bond  due  to  silicon  possessing  a 
lower  electron  affinity  (0.60  eV)  than  hydrogen  (0.76  eV),  whereas  carbon  possesses  an  electron  affinity  (1.37  eV) 
greater  than  that  of  hydrogen.  Due  to  this,  the  hydrogen  atom  bound  to  silicon  carries  a  negative  charge  and  is  sus¬ 
ceptible  to  cleavage  in  the  form  of  hydride  ion.  All  this  indicates  that,  when  drawing  an  analogy  between  the  chem¬ 
istry  of  silicon  and  the  chemistry  of  carbon,  we  ought  to  compare  the  Si— H  bond  not  with  the  C— H  bond  but  with  the 
similarly  polarized  carbon  —  halogen  bond. 

The  present  work  is  devoted  to  a  study  of  the  reaction  of  trialkylsilanes  with  alcohols.  All  the  cited  literature 
studies  which  report  reactions  at  the  Si-H  bond  were  carried  out  solely  with  primary  alcohols.  In  not  one  of  diese 
investigations  was  an  attempt  made  to  study  the  influence  on  the  course  of  alkoxylations  of  the  Si-H  bond  of  the  struc¬ 
ture  of  the  alcohol  and  of  the  nature  of  the  alkaline  catalyst.  Only  in  an  investigation  by  Price  [9]  was  a  study  made 
of  the  influence  on  the  speed  of  reaction  of  the  Si-H  bond  with  alcohols  of  the  substituents  at  the  silicon  atom.  In 
this  investigation,  however,  the  final  products  of  reaction  were  not  isolated. 

We  have  shown  that  trialkalysilanes  RjSiH  (R  =  C2H5,  n-CsH^,  n-C4H9)  react  with  primary,  secondary  and  ter¬ 
tiary  alcohols  in  presence  of  alkoxides  of  alkali  metals;  in  the  case  of  primary  and  secondary  alcohols  the  reaction 
is  effected  by  simple  boiling  of  the  mixture  of  trialkylsilane  and  alkali  metal  solution  (molar  ratio  of  the  latter  to 
the  original  R3SiH  is  4-25%)  in  double  the  theoretical  amount  of  the  corresponding  anhydrous  alcohol.  The  yields  of 
trialkylalkoxysilanes  are  lowered  by  the  presence  of  water  in  the  original  alcohol  or  by  theuse  of  alcoholic  solutions 
of  hydroxides  of  alkali  metals  due  to  formation  of  products  of  hydrolysis  —  hexaalkyldisiloxanes.  The  progress  of  the 
reaction  is  readily  followed  from  the  volume  of  hydrogen  formed,  which  is  usually  separated  in  the  theoretical  amount. 
The  trialkylalkoxysilanes  formed  in  the  reaction  whose  yields  are  80-90“!^;  are  separated  by  fractional  distillation  of 
the  reaction  mixture  at  the  ordinary  or  reduced  pressure. 

In  f^e  absence  of  catalysts  the  trialkylsilanes  do  not  react  with  alcohols.  Thus,  for  example,  on  boiling  triethyl- 
silane  with  anh.ydrous  ethyl  alcohol  in  a  quartz  vessel  in  the  course  of  24  hotirs,  no  reaction  whatever  was  observed. 

The  experimental  data  obtained  in  the  present  work  permit  us  to  recognize  the  following  regularities  in  the  re¬ 
action  of  trialkylsilanes  with  alcohols.  " 

The  velocity  of  reaction  of  trialkylsilanes  with  alcohols  decreases  with  increasing  length  of  the  alkyl  radicals  R 
in  RjSiH.  Thus,  for  instance,  the  theoretical  amount  of  hydrogen  in  the  reaction  of  n-butyl  alcohol  in  presence  of  8- 
mole-^o  C4H90Na  with  triethylsilane  comes  off  after  4  hours,  with  tri-n-propylsilane  after  5  hours,  and  with  tri-n- 
butylsilane  after  10  hours. 

With  increasing  length  of  the  alcoholic  radical  the  speed  of  reaction  of  trialkylsilanes  with  primary  normal  al¬ 
cohols  is  slightly  lowered.  Owing  to  the  considerable  steric  hinderance,  isobutyl  alcohol  reacts  with  triethylsilane 
more  slowly  than  isoamyl  alcohol,  while  the  latter  reacts  with  the  same  velocity  as  normal  alcohols. 

A  profound  influence  upon  the  reaction  of  trialkylsilanes  with  alcohols  is  exerted  by  the  nature  of  the  alkali 
metal  alkoxides.  With  increasing  atomic  number  of  the  alkali  metal  (from  lithium  to  rubidium),  the  velocity  of  re¬ 
action  of  trialkylsilanes  with  alcohols  rises,  while  the  yields  of  the  resultant  trialkylalkoxysilanes  fall.  Increased 
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concentration  of  alkoxide  in  the  reaction  mixture  leads  to  a  certain  increase  in  the  reaction  velocity  andin  the  yields 
of  trialkylalkoxysilanes.  In  additioa  the  nature  of  the  alkali  metal  alkoxide  affects  the  reaction  of  trialkysilanes  with 
alcohols  at  normal  pressure  in  the  following  manner.  In  {xesence  of  lithium  alkoxides  trialkylsilanes  react  only  with 
primary  alcohols.  In  presence  of  sodium  alkoxides  trialkylsilanes  react  not  only  with  primary  but  also  with  secondary 
alcohols.  In  the  latter  case,  however,  the  reaction  often  proceeds  slowly  and  doesaiot  proceed  to  the  end,  while  the 
yields  of  trialkyl -sec-alkoxysilanes  are  relatively  low.  When  using  potassium  alkoxides  as  catalysts,  trialkysilanes 
react  substantially  equally  well  with  primary  and  secondary  alcohols.  Tertiary  alcohols  and  phenols  do  not  react  with 
trialkylsilanes  in  presence  of  theoorrespoiiding  alkoxides  of  lithium,  sodium  and  potassium.  Mercaptans  likewise  do  not 
react  with  trialkylsilanes  in  presence  of  mercaptides  of  alkali  metals.  In  presence,  however,  of  alkoxides  of  rubidium, 
trialkylsilanes  also  react  with  tertiary  alcohols.  It  must  be  admitted  that  in  the  latter  case  the  reaction  does  not  pro¬ 
ceed  to  the  end,  and  the  yield  of  trialkyl -tert-alkoxysilanes  is  low  (of  the  order  of  107o). 

When  the  reaction  is  performed  in  an  autoclave  at  200-210*  in  presence  of  the  corresponding  sodium  alkoxides, 
the  trialkylsilanes  smoothly  react  not  only  with  primary  and  secondary  but  also  with  tertiary  alcohols.  In  this  way  we 
synthesized  a  series  of  trialkyl- tert-alkoxysilanes  in  a  yield  of  80-85‘5'o.  The  synthesis  of  these  compounds  is  especially 
interesting  since  it  is  difficult  to  prepare  trialkyl-tert-alkoxysilanes  by  the  usual  methods.  In  particular  we  failed  in 
an  attempt  to  obtain  triethyl-tert-butoxysilane  by  transesterification  of  triethylmethoxysilane  with  tert-butyl  alcohol 
in  presence  of  sodium  tert-butoxide. 

On  the  other  hand  the  transesterification  of  triethylmethoxysilane  with  n -butyl  and  isobutyl  alcohols  in  presence 
of  the  corresponding  sodium  butoxides  permitted  us  to  obtain  the  n-butoxy  and  isobutoxy  derivatives  in  80-90*70  yield. 
Transesterification  of  triethylmethoxysilane  with  sec-butyl  alcohol  proceeds  slowly,  due  to  which  the  yield  of  triethyl- 
sec -butoxysilane  is  low. 

We  also  found  that  triethylsilane  reacts  with  ethyl  alcdiol  also  in  the  absence  of  an  alkaline  catalyst  when  the 
reaction  is  carried  out  in  an  autoclave  at  200*,  triethylethoxysilane  being  formed  in  a  yield  of  88*7o.  We  think  it  prob¬ 
able,  however,  that  in  this  case  metallic  copper  or  iron  were  catalysts  of  the  reaction,  since  at  the  end  of  the  reaction 
the  copper  obturator  and  the  walls  of  the  autoclave  were  found  to  be  corroded.  This  inference  is  also  supported  by  the 
fact  that  triethylsilane  reacts  widi  ethyl  alcohol  in  presence  of  active  copper  powder  on  boiling  at  the  oridinary  pres¬ 
sure.  In  this  case,  however,  the  yield  of  triediylethoxysilane  is  low  (11*^)  and  the  reaction  proceeds  slowly. 

The  reaction  of  trialkylsilanes  with  alcohols  (and  water)  which  is  catalyzed  by  alkoxides  of  alkali  metals  is  un¬ 
doubtedly  an  ionic  one.  This  is  confirmed  by  the  fact  that  in  the  absence  of  alcohols  the  individual  alkoxides  (and  also 
the  anhydrous  hydroxides)  of  alkali  metals  do  not  react  with  trialkylsilanes.  Our  experimental  data  conclusively  prove 
that  the  reaction  of  trialkylsilanes  with  alcohols  is  a  bimolecular  nucleophilic  substitution  (Sp  2,  according  to  Ingold 
and  Hug)ies)  whose  mechanism  may  be  represented  by  the  following  scheme; 

R’0‘  +  RjSiH — ►  [R’O  ...RsSi  ..H]'  R’OSiRj  +  Hg  +  R’O"  . 

This  scheme' shows  that  the  attack  of  the  electron -dona ting  alkoxyl  ion  on  the  positively  polarized  silicon  atom 
leads  to  cleavage  of  the  hydride  ion  which  quickly  conbines  with  the  alcohol  with  liberation  of  a  molecule  of  hydro¬ 
gen.  The  latter  stage  leads  to  liberation  of  the  alkoxyl  ion.  The  above  scheme  explains  themechanism  of  the  cataly¬ 
tic  action  of  alkali  metal  alkoxides  which  bring  about  an  increase  in  the  concentration  of  basic  OR~  . 

It  is  most  probable  that  entering  into  the  composition  of  the  complex  [R’O  ...RsSi...H]'  ,  formation  of  which  is 
hindered  by  H  ions,  are  a  molecule  of  alcohol  together  with  the  alkoxyl  ion,  so  that  both  of  the  above -indicated 
suges  {xoceed  simultaneously. 

Consequently  the  reaction  velocity,  depending  on  the  concentration  of  CW'  ions  (and  on  the  lengths  of  ions 
R'OHj  ),  is  determined  by  the  dissociation  constant  and  by  the  concentration  of  alkoxide  of  the  alkali  metal  and  by  the 
autofvotolysis  constant  of  the  alcohol. 

Increase  in  the  size  of  the  alkyl  radicals  in  the  trialkylsilanes,  leading  to  a  fall  in  the  velocity  of  their  reaction 
with  alcohols,  creates  a  stronger  field  of  force,  due  to  which  the  energy  barrier  for  penetration  of  the  alkoxyl  ions  to 
the  silicon  atom  becomes  larger,  whereas  the  stability  of  the  Si-  H  bond  remains  substantially  unchanged  with  increas¬ 
ing  size  of  the  alkyl  radicals  in  trialkylsilanes.  This  is  confirmecf  by  infrared  spectroscopic  $lata  obtained  in  the  present 
investigation  which  show  that  the  absorption  band  corresponding  to  the  valence  vibration  of  Si— H  in  three  trialkylsil¬ 
anes  R3SiH  (R  =  CjHs,  n-CsHy  and  n-C4H9)  is  identical  (2106  +  2  cm"^)  •  .  This  frequency  of  the  Si— H  bond  in  trialkyl¬ 
silanes  is  smaller  than  in  trichlorosilane  (2257  cm”^)  and  in  tribromosilane  (2236  cm’^),**  which  reflects  the  lower 

•  In  the  literature  are  given  the  vibration  frequency  of  Si— H  in  trimethylsilane  [28]  and  methyldiallylsilane  [29] 

determined  by  Raman  spectrography;  the  respective  values  are  2118  and  2117  cm"^ 

*•  Data  for  tribromosilane  were  obtained  by  Raman  spectrography  [30]. 
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TABLE  1 

Autoprotolytic  constant  (pK)  of  compounds 
^containing  a  mobile  hydrogen  at  25*  [  32] 


stability  of  the  Si—  H  bond  in  trialkylsilanes  (due  to  the  influence 
of  the  halogen  atoms,  the  polarization  of  the  Si-H  bond  in  trihalo- 
gfenosilanes,  and  consequently  also  their  susceptibility  to  reactions 
of  nucleophilic  substitution,  is  sharply  reduced). 

The  sharp  drop  in  velocities  of  reactions  of  trialkylsilanes 
with  alcohols  on  passing  from  primary  to  secondary  and,  in  parti¬ 
cular,  to  tertiary  alcohols,  as  also  the  small  decrease  of  reaction 
velocities  with  increasing  length  of  the  alcohol  radical  or  on  pass¬ 
ing  from  normal  to  iso  alcohols,  are  accounted  for  by  the  same 
steric  hindrances  to  nucleophilic  attack  of  the  silicon  atom  by 
the  alkoxyl  ion  (particularly  if  it  is  solvated).  These  steric  hindrances,  associated  with  increasing  branching  of  the 
alcoholic  radical,  evidently  are  many  times  greater  than  the  accompanying  increase  of  basicity  of  t'ne.alcohol  (due 
to  the  inductive  effect  of  the  alkyl  groups)  which  promotes  the  alkoxylation  of  trialkylsilanes. 


Formula 

PK 

Formula 

pK 

H2SO4 

3.0 

CH3OH 

16.7 

HCOOH 

6.3’ 

C2H5OH 

19.0 

CHjCOOH 

12.6 

NHj 

22  (-34*) 

HOH 

14.0 

Alcohols  which  do  not  contain  sterically-hindering  radicals  but  which  possess  acidic  properties  (phenolsX  as  well 
as  water,  organic  acids  [36]  and  mercaptides,  do  not  react  with  trialkylsilanes.  Thus,  for  example,  we  failed  to  observe 
a  reaction  of  triethylsilane  with  phenol  when  boiled  in  presence  of  phenates  of  lithium,  sodium  or  potassium.  Similar^ 
no  reaction  occurred  between  triethylsilane  and  organic  acids  in  presence  of  their  alkali  metal  salts. 

Triethylsilarife  is  completely  unchanged  after  prolonged  boiling  with  water  or  with  1  N  aqueous  NaOH  and  KOH, 
in  which  it  is  insoluble.  Furthermore,  the  reaction  of  triethylsilane  with  aqueous  solutions  of  NaOH  or  KOH  does  not 
proceed  even  in  a  homogeneous  medium  obtained  by  addition  of  dioxane  (but  not  of  alcohoP.).  Such  a  difference  in 
reactivity  of  trialkylsilanes  with  alcohols  on  the  one  hand  and  with  water,  phenols,  mercaptans  and  organic  dcids  on 
the  other  is  explained  by  the  higher  autoprotolytic  constant  of  alcohols  in  comparison  with  water,  phenols,  mercap¬ 
tans  and  carboxylic  acids  (see  Table  1).  As  further  evidence  in  support  of  this  conclusion,  methyl  alcohol,  which 
possesses  a  lower  autoprotolytic  constant  than  ethyl  alcohol,  differs  from  the  latter  in  not  reacting  with  silane  in  pre¬ 
sence  of  lithium  alkoxide  [31].  Ammonia,  possessing  a  very  high  autoprotolytic  constant,  on  the  contrary  reacts  with 
triethylsilane  in  presence  of  potassium  amide  even  at  “35*  [[35]. 


The  influence  of  the  nature  of  the  cation  in  the  alkali  metal  alkoxide  catalyzing  the  reaction  of  trialkylsilanes 
with  alcohols  is  associated  with  the  rise  in  atomic  number  of  the  metal,  i.e.,in  passing  from  lithium  to  rubidium  there 
is  a  considerable  rise  in  the  degree  of  ionization  (alkalinity),  leading  to  a  rise  in  the  concentration  of  alkoxyl  ions 
and,  consequently,  to  a  rise  in  reaction  velocity. 

All  the  foregoing  considerations  indicate  that  reactions  of  trialkylsilanes  with  alcohols  and  other  compounds 
containing  mobile  hydrogens  ^water,  ammonia,  amines),  which  proceed  according  to  the  Sn2  type,  are  promoted  by 
the  fall  of  concentration  of  H  -ions  which  takes  place  with  rise  of  the  autoprotolytic  constant  of  the  reactant  (solvent) 
and  with  rise  of  concentration  of  negative  ions  (R'O-  in  the  case  of  alcohols)  and  which  is  intensified  with  increasing 
atomic  number  of  the  alkali  metal  whose  derivative  serves  as  the  catalyst. 

In  the  course  of  the  present  investigation  we  synthesized  28  pure  trialkylalkoxysilanes  and  determined  their  phy¬ 
sical  properties, which  are  set  forth  in  Table  2;  27  of  these  compounds  have  not  previously  been  reported  in  the  litera¬ 
ture.  Triethylphenoxysilane  was  prepared  by  reaction  of  triethylsilane  with  phenol  in  presence  of  iodine  andialuminum 
iodide  by  the  method  which  we  developed  for  synthesis  of  trialkylacyloxysilanes  [36]. 

The  reaction  of  trialkylsilanes  with  alcohols  studied  by  us  is  a  convenient  general  method  of  alkoxylation  of  the 
Si— H  bond.  This  method  is  distinguished  by  its  simplicity  and  by  the  high  yields  of  alkoxy  derivatives  .which  are  easily 
separated  in  the  pure  form  owing  to  the  absence  of  any  secondary  reaction  products. 


EXPERIMENTAL 

Starting  components 

Trichlorosilane  was  ob  tained  in  a  yield  of  about  by  the  reaction  of  hydrogen  chloride  with  silicon  or  with 
high -percentage  ferrosilicon  at  290-300*.  The  HSiCls,  purified  in  a  column  had  b.p.  31.8*  (760  mm). 

Triethylsilane,  tri-n-propylsilane  and  tri-n-butylsilane  were  prepared  by  reaction  of  the  corresponding  alkyl 
magnesium  chlorides  with  trichlorosilane  and  purified  by  distillation  in  a  column  (tributylsilane  was  distilled  in  vacuum). 
Their  yields,  physical  properties  and  analyses  are  set  forth  in  Table  3. 

The  starting  alcbhols  were  purified  by  distillation  in  a  column  and  possessed  constants  identical  with  the  best 
literature  data  [33].  Alcohols  with  b.p.  below  100*  were  previously  freed  from  water  by  boiling  with  metallic  calcium. 
Tert -butyl  alcohol  was  repeatedly  frozen  after  distillation. 
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TABLE  2 

Trialkylalk-'xysilanes  RoSiOR' 


Trialky  lalkoxy 

!  RjSiOR*  /Boiilflg  pbitlt^ 

Pressure 
(in  mni) 

— 

^4 

- 

no 

'n??-n?;' 

i 

silane  Nc, 

1 

(CzHslsSiCXHa 

141.5* 

760 

0.8203 

1.4129 

0.0081  ' 

21.63 

2 

(CzHslsSiOCzHs 

154,0 

760 

0.8160 

1.414(7 

0.0082 

22,09 

3 

1  (CjHgjsSiOCHzCHzCHs 

175.3 

760 

0.8159 

1,4177 

0.0076 

22.88 

4 

!  (C2H5)3SiOCH{CH3)2  ’ 

166.5 

760 

0.8079 

1.4133 

0,0083 

20.84 

5 

(CzHsjSiOCHjCH^CLjCi's 

193.8 

760 

0.8186 

1,4210 

0.0074 

23.00 

6 

(C2H5)3SiCX:H2CH(CH3)2 

186.3 

760 

0.8129 

1.4184 

0.0084 

22,35 

7 

(C2H5)3SiOCH(CH3)CH2CH3 

187.0 

760 

0.8188 

1,4203 

0.0076 

22.66 

8 

(C2H5)3SiOC(CH3)3 

178.5 

760 

0.8115 

1.4181 

0.0077 

21,34 

9 

(C2Hs)3SiOCH2(CH2)3CH3 

213.8 

760 

0.8212 

1.4250 

0.0083 

23.46 

10 

(C2H5)3SiOCH2CH2CH(CH3)2 

205.7 

760 

0.8176 

1.4237 

0.0072 

23.25 

11 

(C2H5)3SiOC(CH3)2C2H5 

201.2 

760 

0.8253 

1.4270 

0.0075 

23.25 

12 

‘  (C2H5)3SiOCH2)CH2)4CH3 

231.3 

I 

760 

0.8230 

1.4281 

0.0081 

25.23 

13 

:  (C2H5)3SiOCH2(CH2)5CH3 

248.0 

760 

0.8255 

1,4310 

0.0080 

24.99 

14 

(C2H5)3SiOCH2(CH2)6CH3 

267.0 

760 

0.8267 

1.4332 

0.0076 

25.40 

15  * 

(C2H5)3SiOCH8'CH3)(CH2)6CH3? 

256.3 

760 

0.8259 

1.4327 

0.0075 

25.50 

16 

(C2H5)3SiOC6Hii 

237.1 

760 

0.8769 

1.4481 

0.0080 

27.12 

17 

(C2H5)3SiOCeH5 

243.6 

760 

0.93<)'4 

1,4880 

0.0134 

29.66 

18 

(C2H5)3SiOCH2C8H5 

262.6 

760 

0.9319 

1.4852 

0.0125 

28.64 

19 

.  (C2H5)3Si0CH2CH20C2H5 

210.9 

760 

0.8650 

1.4237 

0.0080 

25.06 

20 

(C2H5)3SiOCH2CH2NH2 

201.6 

760 

0.8749 

1.4385 

0.0082 

26.94 

21 

(  n.C3H7)3SiOCH2(CH2)2CH3 

102.5 

9 

0.8203 

1.4300 

0.0075 

24.66 

22 

,  (  n,C3H7)3SiOCH2CH(CH3)2 

90,5 

5 

0,8140 

1.4280 

0.0077 

23.59 

23 

( n.C3H7)3SiOCH  CH3)C2Hs 

91.5 

6.5 

0.8204 

1.4289 

0.0079 

24.11 

24 

i  (n-C3H7)3SiOC(CH3)3 

84.5-85.0 

6 

0.8151 

1.4280 

0.0075 

23.48 

25 

(  n.C4H9)SiOCH2(CH2:2CHj 

123.5-124,0 

5 

0.8285 

1.4370 

0.0078 

25.44 

26 

(  n.C4H9)3SiOCH2CH(CH3)2  . 

121.0 

6 

0.8220 

1.4351 

0.0075 

24,27 

27 

,  (  n.C4H9)3SiOCH(CH3)C2H5 

130.0 

9 

0.8229 

1.4362 

0.0076 

25.30 

28 

!  ( n.C4H9)3SiOC(CH3)3 

120.5 

7 

0.8199 

1.4350 

0.0081 

24.89 

•  Subscripts  in  formula  illegible  in  original. 


TABLE  3 

Properties  of  Trilkylsi lanes  R3SiH 


RjSiH 

Yield  (in  ’’Jo  of 
theoretical) 

Boiling 

point 

1  Pressure 
j  (in  mm) 

j 

'Molecular  wt.  | 

1  Si  (in  %) 

! 

Calcu-! 
lated  j 

Found 

Calcu¬ 

lated 

Found 

(CzHsHSiH 

70 

107.7* 

I  1 

i  760  i 

0.7309  1.4121 

'0.0081 

20.52 

1 

116.28 

113.4 

24.14 

24.00 

(iso.-CsHTjjSiH 

66,7 

j  173.2 

!  760 

0.7580  1.4272 

*0.0082  j 

j22.98 

158.36 

157.4 

17.72 

17.62 

(iso.-C4H9),SiH 

65.1 

1  1 

I  88-89 

i  5 

0.7795  a.4380 

CO 

00 

o 

o 

o 

|24.86 

200.43 

199.0 

14.00 

13.85 

The  metallic  lithium,  sodium,  potassium  and  rubidium  were  the  commercially  pure  preparations, 

EXPERIMENTAL  PROCEDURE 

All  the  reactions  of  trialkylsilanes  with  alcohols  at  the  jitdinary  pressure  were  carried  out  in  two-necked,  round- 
bottomed  flasks  with  a  volume  of  100  ml,  equipped  with  reflux  condenser  and  thermometer.  The  top  end  of  the  con¬ 
denser  was  joined  to  a  gasholder  for  collection  of  hydrogen  through  a  Tishchenko  bottle  filled  with  concentrated  sulfuric 
acid.  Reactions  under  pressure  were  carried  out  in  a  225  ml  steel  autoclave. 

Syntheses  were  effected  by  heating  a  mixture  of  0.1  mole  trialkylsilan?  '.it’.  twi;eit’ie  t’.i';  :relical  nv.aaiit  of 
alcohol  in  which  had  previously  been  dissolved  0,1-1  g  of  the  particular  alkali  metal.  Heating  was  continued  until 
hydrogen  ceased  to  come  off.  The  excess  of  alcohol  and  the  trialkylalkoxysilane  'V  forn  eJ  were  dissolved  off 
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TABLE  2  Continued 

Molecular  weight  i 

Analysis  (in  %) 

1  Yield  of  R,3iOR’  (in  %)' 

Calcu-  '  _ 

C 

H  ' 

Si 

'  in  presence  of 

lated  Found  Calcu->  Found  ■  Calcu-  Found  Calcu-|  Found  '  LiOR* -j  NaOR’  ;  KOR* 


{  lated 

lated 

lated  j 

_  1 

146,30 

• 

145,6,  144.2 

57.48 

56.99,  56.94 

12.34 

12.36.  12.30 

19.19 

19.01,  19.03 

- 

92,7 

93.0 

160.33 

160.0,  158.4 

59,94 

59.77,  59.73 

12.58 

12.60,  12.58 

17.50  1 

17.30,  17.38 

46.8 

83.0 

90.1 

174.36 

173.4,  172.3 

62,04 

61,79,  61.81 

12.72 

12.86,  12.74 

16.10 

15,92,  16.01 

- 

83.0 

- 

174,36 

172.9,  171.3 

62.04 

61.93,  62.04 

12.72 

12.89,  12.72 

16,10 

15.91,  16.00 

0 

14.3 

80.0 

188.38 

187.7,  185.9 

63.76 

63.54,  63.63 

12.84 

12,82,  12.99 

14.88 

14.71,  14.71 

- 

85.6 

- 

188.38 

188.1,  186.4 

63.76 

63.49,  63.50 

12.84 

12.93,  12.92 

14.88 

14.69,  14.81 

- 

81.3 

- 

188.38 

188.2,  186.1 

63.76 

63.61,  63.19 

12.84 

12.99,  12.86 

14.88 

14.68.  14.79 

0 

8.0 

90.3 

188.38 

186.3,  185.4 

63.76 

- 

12,84 

- 

14.88 

14.68,  14.69 

0 

0;  84,0* 

0** 

202.41 

200.2,  199.1 

65.39 

64.77,  64.99 

12.96 

13.00,  13.09 

13.87 

13.60,  13.68 

- 

86.8 

- 

202.41 

201.3,  201.6 

65.39 

65.07,  65.09 

12.96 

13.00,  13.12 

13.87 

13.66,  13.77 

81.4 

- 

202.41 

199.0,  198,6 

65.39 

12.96 

- 

13,87 

13.62,  13.69 

0 

0;  85.4* 

0 

216.43 

215.4,  211,4 

66.59 

65,98,  66.19 

13.04 

13.10,  13.00 

12.97 

12.81,  12.73 

- 

88.9 

- 

230.46 

228.8,  227.1 

67,75 

67.50,  67.28 

13.12 

13.28,  13,19 

12.18 

11.88,  11,99 

- 

91.4 

- 

244.49 

244,2,  243.8 

68,35 

67.85,  67.88 

13.19 

13.30,  13.21 

11.47 

11.31,  11.43 

- 

81.0 

- 

244.49 

242.8,  241  .Q 

68.35 

67.95,  67,91 

13.19 

13,20,  13.26 

11.47 

11.27,  11.32 

0 

80.5 

214.42 

214.1,  213.4 

67.22 

66,79,  66,84 

12.22 

12.30,  12.30 

13.08 

12.92,  12.97 

0 

81.0 

208.37 

206.4,  206.4 

69,16 

68.73,  68.88 

9.67 

9,79,  9.79 

13.47 

13.26,  13.29 

0 

0 

0*** 

222.40 

221.3,  222,7 

70.21 

69.85,  70.01 

9.97 

9.96,  10.01 

12.61 

12,40,  12.52 

- 

80.9 

- 

204.38 

200.8  201,7 

53.87 

- 

11.84 

- 

13.73 

13.60,  13.69 

- 

92,3 

- 

175.35 

172,0,  172,8 

54.82 

- 

12.07 

- 

16.00 

15.82,  15.87 

- 

84.9 

- 

230.46 

229.1 

67.75 

- 

13.12 

- 

12.18 

11.99,  12.03 

- 

87.7 

- 

230.46 

228.5 

67.75 

- 

13.12 

- 

12,18 

11.99,  12.01 

85.4 

- 

230.46 

226,9 

67.75 

- 

13.12 

- 

12.18 

11.94,  12,02 

79.9 

- 

230.46 

229,7 

67.75 

- 

13.12 

- 

12.18 

11.98,  11,99 

- 

82.5* 

- 

272.54 

270.6 

70.51 

- 

13.31 

- 

10.29 

10.05,  10.17 

- 

87.6 

- 

272.54 

269,2 

70.51 

- 

13.31 

- 

10.29 

10.09,  10.11 

- 

84.6 

- 

272.54 

270,6 

70.51 

- 

13.31 

- 

10.29 

10.05,  10,05 

- 

80.8 

- 

272.54 

272,0 

70.51 

— 

13.31 

10.29 

10.09,  10.13 

— 

80.0* 

— 

•  In  autoclave  at  210®.  **  6.8%  in  presence  of  RbOC(CH8)s.  •••' In  presence  of  A Hj.  Yield  80.8%. 

from  the  metal  alkoxide,  after  which  the  trialkylalkoxysilane  was  purified  by  distillation  in  a  column  with  an  effi¬ 
ciency  of  10-12  theoretical  plates. 


The  method'  of  determination  of  the  physical  constants  and  the  accuracy  of  their  determination  are  described 
in  one  of  our  papers  [34].  For  determination  of  the  constants,  all  the  substances  were  redistilled  in  a  column,  the  mid¬ 
dle  cuts  with  constant  boiling  points  being  collected. 

The  infrared  spectra  of  the  trialkylsilanes  were  plotted  in  the  region  of  the  principal  frequency  of  the  Si  ~  H 
vibration  in  a  Perkin-Elmer  12B  spectrophotometer  fitted  with  a  LiF  prism.  The  spectral  width  of  the  slit  was  of  the 
order  of  3  cm'^.  The  thickness  of  the  layer  was  of  the  order  of  0.007  mm.  Electrooptical  intensification.* 

Silicon  was  determined  by  mineralization  of  the  sample  to  SiOj  with  a  mixture  of  oleum  and  fuming  nitric 
acid  [34].  Carbon  and  hydrogen  were  determined  by  combustion  in  a  tube  over  copper  oxide  in  presence  of  a  mixture 
of  lead  acetate  and  potassium  dichromate.  The  silica  fume  in  the  combustion  tube  was  trapped  by  a  plug  of  calcined 
asbestos  inserted  in  the  tube. 

Below  we  give  details  of  some  of  the  more  typical  experiments. 

Synthesis  of  triethylmethoxysilane.  31.8  g  trietiiylsilane  was  added  to  a  solution  of  0.1  g  sodium  in  19.2  g 
methanol.  The  reaction  mixture  was  boiled  until  hydrogen  had  entirely  ceased  to  come  off'  ('..•>  *.c.;r3);  the  amount 
of  hydrogen  was  8  liters.  The  reaction  product  was  distilled  off  from  the  sodium  methoxide  and  distilled  in  a  column. 
Yield  of  triethylmethoxysilane  with  b.p.  141.4-141.8®  (759  mm)  40.7  g  (92.7%). 


The  infrared  spectra  were  plotted  by  M.O.  Bulanin,to  whom  the  authors  express  their  gratitude. 
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Synthesis  of  trie thylethoxysi lane  *  a)  To  a  solution  of  0.1  g  potassium  in  9,2  g  ethyl  alcohol  was  added  11.6  g 
triethyl  si  lane.  The  reaction  starts  even  in  the  cold  (hydrogen  evolution).  After  2  hours'  heating  of  the  reaction  mix¬ 
ture  at  the  boil.  2.3  liters  hydrogen  had  come  off.  After  distillation  from  the  potassium  ethoxide,  the  reaction  product 
was  distilled  in  a  column.  Yield  of  triethylethoxysilane  with  b.p.  153.0-153,7*  (751  mm)  14.5  g(90.l7o). 

b)  11.6  g  triethylsilane  and  20.0  g  ethyl  alcohol  were  heated  in  an  autoclave  at  200*  for  20  hours.  After  this 
period  die  pressure  in  the  autoclave  had  reached  27  atm.  After  cooling  the  autoclave  to  room  temperature,  the  inter¬ 
nal  pressure  remained  at  8  atm.  The  vdume  of  hydrogen  evolved  during  the  reaction  and  passing  into  the  gasholder 
was  2.2  liters.  After  the  reaction  had  been  carried  out,  the  steel  walls  of  the  autoclave  and  the  copper  obturator  were 
found  to  be  corroded.  Distillation  of  the  reaction  mixture  in  a  column  gave  14.0  g  triethylethoxysilane  with  b.p. 
152.0-153.6*  (751,3  mm),  i.e.,87.5%of  the  theoretical  yield. 

c)  A  mixture  of  11.6  g  triethylsilane,  9.2  g  96%  ethyl  alcohol  and  1.5  g  NaOH  was  heated  to  the  boil  for  3 
hours.  After  this  period  1.5  liters  hydrogen  had  come  off.  Distillation  of  the  reaction  mixture  in  a  column  gave  6.4 
g  (40%)  of  triethylethoxysilane  with  b.p.  152.5-  154.0*. 

d)  A  mixture  of  11.6  g  triediylsilane  and  9.2  g  ethyl  alcohol  was  boiled  for  24  hours  in  a  quartz  flask.  Evolu¬ 
tion  of  hydrogen  was  not  observed  and  the  weight  of  triethylsilane  remained  unchanged. 

e)  A  mixture  of  11,6  g  triethylsilane  and  9.2  g  ethyl  alcohol  was  boiled  in  a  quartz  flask  for  18  hours  in  presence 
of  1.75  g  active  copper  powder.  During  this  period  0,25  liter  hydrogen  was  evolved.  Distillation  of  the  reaction  mix¬ 
ture  in  a  column  gave  1.6  g  triethylethoxysilane  with  b.p.  153.5-153.9*  (747.6  mm).  Treatment  of  the  lower  boiling 
fractions  with  water  gave  8.3  g  unchanged  triethylsilane  with  b.p.  107.9-108.2*  (747.6  mm). 

Reaction  of  triethylsilane  with  water  and  aqueous  alkalies 

On  boiling  11.6  g  triethylsilane  with  15  ml  distilled  water  or  with  15  ml  1  N  KOH  or  NaOH  for  24  hours,  no  re¬ 
action  at  all  was  observed.  All  the  triethylsilane  remained  unchanged.  On  boiling  a  homogeneous  mixture  of  11.6 
g  triethylsilane,  3.6  g  distilled  water  and  10  ml  dioxane  in  which  was  dissolved  0.1  g  metallic  sodium,  no  evolution 
of  hydrogen  was  observed  in  the  course  of  17  hours?  •  After  treatment  of  the  reaction  mixture  with  water,  10.2  g  un¬ 
changed  triethylsilane  was  isolated.  A  similar  result  was  obtained  on  replacing  the  sodium  by  0.2  g  metallic  potas¬ 
sium. 

Synthesis  of  triethylisopropoxysilane.  To  a  solution  of  1.0  g  potassium  in  12.0  g  isopropyl  alcohol  was  added 
11,6  g  triethylsilane.  The  mixture  was  heated  at  the  boil  for  3  hours,  during  which  period  2,3  liters  hydrogen  came 
off.  After  distilling  off  from  potassium  isopropoxide.  the  reaction  mixture  was  distilled  in  a  column  to  give  14.0  g 
(80%)  triethylisopropoxysilane  with  b.p.  166,5-167.0*  (769.2  mm).  A  reduction  in  the  amount  of  potassium  leads  to 
a  fall  in  yield  of  triethylisopropoxysilane. 

Reaction  of  11.6  g  triethylsilane  with  a  solution  of  0.8  g  Na  in  12.0  g  isopropyl  alcohol  at  the  boil  for  5  hours 
led  to  release  of  only  0.2  liter  hydrogen.  The  yield  of  triethylisopropoxysilane  was  2.5  g(14.3%).  The  greater  part 
(10.0  g)  of  the  ttiethylsilane  did  not  enter  into  reaction  and  remained  unchanged.  When  the  reaction  was  carried  out 
with  a  smaller  amount  of  sodium  (0.1  g),  no  triethylisopropoxysilane  was  formed  under  the  conditions  mentioned,  and 
the  whole  of  the  triethylsilane  remained  unchanged. 

On  prolonged  boiling  of  11.6  g  triethylsilane  with  a  solution  of  0.2  g  lithium  in  12.6  g  isopropyl  alcohol,  no 
hydrogen  was  evolved  and  no  triethylisopropoxysilane  was  formed.  The  whole  of  the  original  triethylsilane  remained 
unchanged. 

Synthesis  of  triethylisobutoxysilane.  To  a  solution  of  0.3  g  sodium  in  14.8  g  isobutyl  alcohol  was  added  11.6  g 
triethylsilane.  After  2  hours'  heating  of  the  reaction  mixture  at  the  boil,  the  evolution  of  hydrogen  ceased  (its  volume 
was  then  1  liter).  On  adding  a  further  0.5  g  sodium  to  the  reaction  mixture  and  continuing  heating  for  3  hours,  a  fur- 
tier  1.3  liters  hydrogen  came  off  (making  2.3  liters  in  all).  Distillation  in  a  column  gave  15.2  g  (81.3%)  triethyliso¬ 
butoxysilane  with  b.p.  184.5-186.0*  (754.2  mm). 

Synthesis  of  triethyl-tert-butoxysilane.  A  solution  of  0.1  g  sodium  in  14.8  g  tert-butyl  alcdiol  and  11.6  g 
triethylsilane  were  heated  in  an  autoclave  at  200-205*  for  20  hours.  The  maximum  pressure  was  25  atm  at  200* 
and  5  atm.  at  room  temperature. 

The  evolved  hydrogen  occupied  a  volume  of  2.3  liters  when  transferred  to  the  gasholder.  Distillation  of  the 


When  studying  the  reactions  of  triethylsilane  with  ethyl  alcohol,  we  found  that  these  two  substances  form  a 
constant  boiling  mixture  with  b.p,  73.0-74,0*  containing  about  50%  triethylsilane. 

An  alcoholic  solution  of  C^HjONa  by  contrast  smoothly  reacts  with  triethylsilane  in  presence  of  an  equal 
volume  of  dioxane. 
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reaction  mixture  gave  15.8  g  triethyl-tert-butoxysilane  with  b.p.  176.7-178.2*  (754.6  mm).  No  hydrogen  evolution 
was  observed  on  prolonged  heating  of  trie  thy  Isilane  with  solutions  of  sodium  or  potassium  in  tert-butyl  alcohol  at 
atmospheric  pressure,  and  the  whole  of  the  trie  thy  Isilane  remained  unchanged.  Boiling  for  8  hours  of  11.6  g  triethyl- 
silane  with  a  solution  of  1.0  g  rubidium  in  14.8  g  tert-butyl  alcohol  led  to  evolution  of  0.15  liter  hydrogen.  The 
yield  of  triethyl-tert-butoxysilane  with  b.p.  177.2-178.4*  (762.1  mm)  and  nf5  1.4180  was  1.3  g(6.8^).  Reaction  of 
trie  thy  Isilane  with  tert-butyl  alcohol  in  presence  of  aluminum  iodide  is  accompanied  by  release  of  hydrogen  but  leads 
to  formation  of  hexaethyldisiloxane. 


Synthesis  of  triethyl-n-heptoxysilane.  To  a  solution  of  0.3  g  sodium  in  23.2  g  n-heptyl  alcohol  was  added  11.6 
g  triethylsilane.  The  reaction  mixture  was  heated  at  the  boil  for  3  hours.  During  this  period  2.3  liters  hydrogen  was 
given  off.  Yield  of  triethyl-n-heptoxysilane  with  b.p.  247.3-247.6*  (752.0  mm),  21.2  g(91.4‘^). 

Synthesis  of  triethylcyclohexoxy silane.  11.6  g  triethylsilane  and  a  solution  of  0.2  g  potassium  in  20.0  g  cyclo- 
hexanol  were  boiled  for  2  hours.  During  this  period  2.2  liters  hydrogen  came  off.  After  distilling  off  the  reaction  pro¬ 
duct  from  the  alkoxide,  the  product  was  distilled  in  a  column  to  give  19.2  g  (81.0°/o)  triethylcyclohexoxysilane  with 
b.p.  236.9*  (756.0  mm). 

Synthesis  of  triethylbenzyloxysilane.  A  solution  of  0.3  g  Na  i  14.1  g  benzyl  alcohol  and  11.6  g  triethyl¬ 
silane  were  heated  at  the  boil  for  2  hours;  during  this  period  2.4  liters  hydrogen  came  off.  The  reaction  mixture  was 
distilled  at  first  in  vacuum  and  later  in  a  column.  Yield  of  triethylbenzoxysilane  with  b.p.  262.2-263.0*  (764.2  mm) 
was  19  g  (80.97o). 

Synthesis  of  triethyl -B -aminoethoxysilane.  On  heating  for  an  hour  11.6  g  triediylsilane  with  a  solution  of  0.1 
g  sodium  in  12.2  g  ethanolamine,  2.4  liters  hydrogen  came  off.  The  reaction  mixture  consisted  of  two  layers  (lower 
one  of  solution  of  alkoxide  in  ethanolamine,  upper  one  of  triethyl-6 -aminoethoxysilane).  Distillation  of  the  upper 
layer  in  a  column  gave  14.9  g(84.9%)  tri ethyl- 6 -aminoethoxysilane  with  b.p.  201.7*  (761.9  mm). 

Synthesis  of  tri-n-propylisobutoxy silane.  To  a  solution  of  0.2  g  sodium  in  14.8  g  isobutyl  alcohol  was  added 
15.9  g  tri -n-propy Isilane.  Boiling  of  the  reaction  mixture  for  11  hours  led  to  evolution  of  2.3  liters  hydrogen.  Two 
distillations  of  the  reaction  mixture  in  vacuum  gave  19.7  g  (85.4%)  tri-n-propylisobutoxysilane  with  b.p.  90.5*  (5  mm). 

Synthesis  of  tri-n-butyl-tert-butoxysilane.  20.1  g  tri-n-butylsilane  and  a  solution  of  0.2  g  sodium  in  14.8  g 
tert-butyl  alcohol  were  heated  in  an  auto61aveat200-210*  for  19  hours.  The  maximum  pressure  in  the  autoclave  was 
23  atm.  During  the  reaction  2.3  liters  hydrogen  came  off  and  was  collected.  After  distilling  off  the  excess  of  alco¬ 
hol,  the  reaction  mixture  was  distilled  in  vacuum  to  give  10.9  g(80%)  tri-n-butyl-tert-butoxysilane  widi  b.p.  120.5* 
(7  mm). 

Synthesis  of  triethylphenoxysilane.  To  18.8  g  melted  phenol  was  added  0.1  g  aluminum  powder  and  1.5  g 
iodine,  followed,  with  stirring,  by  11.6  g  triethylsilane.  Heating  of  the  reaction  mixture  at  the  boil  for  an  hour  c. 
caused  2.5  liters  hydrogen  to  come  off.  Two  distillations  of  the  reaction  mixture  gave  16.7  g  (80.3%)  triethyl¬ 
phenoxysilane  with  b.p.  243.8"  (762.8  mm). 

Reaction  of  triethylsilane  with  sodium  methoxide.  2.3  g  sodium  was  dissolved  while  cooling  in  6.4  g  methanol. 
The  alcohol  was  driven  off  in  vacuum  in  an  atmosphere  of  dry  hydrogen,  and  the  residual  alkoxide  was  heated  in  a 
hydrogen  stream  on  a  water  bath  for  a  further  1.5  hours.  To  the  so-prepared  sodium  methoxide  was  added  11.6  g 
triethylsilane.  No  hydrogen  was  evolved  on  boiling  this  mixture  for  3  hours,  and  all  the  triethylsilane  remained  un¬ 
changed.  A  similar  result  was  obtained  on  prolonged  heating  of  triethylsilane  with  sodium  methoxide  in  a  medium 
of  inert  solvent  (benzene). 

Transesterification  of  triethylmethoxysilane  with  butyl  alcohols.  14.6  g  triethyl  me  thoxysilane,  14.8  g  n- 
butyl  alcohol  and  0.1  g  sodium  were  slowly  distilled  in  a  column.  3.1  g  methanol  came  over  at  64.4-66.2*  (760.2 
mm).  Further  distillation  gave  8.3  g  excess  n-butyl  alcohol  with  b.p.  115.2-117.3*  and  17.0  g  triethyl-n-butoxy- 
silane  with  b.p.  193.0-193.8*  (760.2  mm).  Yield  90.4%  of  the  theoretical.  After  redistillation  it  had: 

B.p.  193.8*  (760.2  mm),  nf^  1.4210,  dj®  0.8185. 

Found  %  Si  14.66,  14.70.  CioH240Si.  Calculated  %-.  Si  14.88. 

Transesterification  of  triethylmethoxysilane  with  isobutyl  alcohol  in  completely  identical  conditions  gave 
14.6  g  (11.4%)  triethylisobutoxysilane  with  b.p.  185.9*  (755.3  mm). 

Found  %:  Si  14.79,  14.66.  CioH240Si.  Calculated  %:  Si  14.88. 
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Transesterification  of  triethylmethoxysilane  in  similar  conditions  with  sec -butyl  alcohol  leads  to  formation  of 
only  3-5%  triethyl -sec-butoxysilane  with  b,p.  186-188*,  np  1.4203,  The  greater  part  of  the  triethylmethoxysilane 
remains  unchanged. 

An  attempt  to  transesterify  triethylmethoxysilane  with  tert-butyl  alcohol  failed.  All  the  original  triethylme¬ 
thoxysilane  was  recovered  unchanged. 

SUMMARY 

A  study  was  made  of  the  reaction  of  n-trialkysilanes  RjSiH  (R  =  CjHs,  n-CsHj,  n-C4H9)  with  alcohols  of  various 
structures  in  presence  of  alkoxides  of  lithium,  sodium,  potassium  and  rubidium.  A  dependence  was  found  of  the  course 
of  this  reaction  on  the  structure  of  the  trialkylsilane  and  alcohol  and  on  the  atomic  number  of  the  metal  in  the  alkoxide 
used  as  catalyst.  A  mechanism  is  proposed  for  the  reaction.  It  is  shown  that  the  reaction  of  trialkylsilanes  with  alco¬ 
hols  is  a  simple  and  convenient  method  of  synthesis  of  crialkylalkoxysilanes .which  are  formed  in  yields  of' 80-90%  of 
the  theoretical.  Syntheses  were  effected  of  28  (27  for  the  first  time)  trialkylalkoxysilanes,  and  their  physical  proper¬ 
ties  were  determined. 
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SYNTHESIS  OF  TETRA  IS  OBUT  YL  -  .  T  ETR  AI  SOPROPYL- ,  TETRA- 


CYCLOHEXYL-  AND  TET  R  A  -  a  -  N  A  PH  T  H  YLSIL  A  NES 
A.D.  Petrov  and  T,I.  Chernysheva 


On  carrying  out  the  condensation  according  to  the  scheme  R3CX  +  RMgX  I^C  +  MgXj  at  elevated  tempera¬ 
ture  or  in  presence  of  HgCIj,  Petrov  and  Chernyshev  £1]  obtained  tetra-n-propyl  and  tetra-n-butylmethanes  in  low 
yields  and  showed  that  the  synthesis  of  tetra-n-hexylmethane  cannot  be  realized  at  all  due  to  the  facility  of  cleavage 
of  HCl  from  trihexylchloromethane.  The  synthesis  of  tetraalkylsilanes.by  analogous  scheme,  takes  place  with  high 
yields  even  when  using  high-molecular  alkyl  halides  [21  both  owing  to  the  greater  ionization  of  the-^Si  ~  X  bond 
and  owing  to  the  inability  of  trial kylhalosilanes  to  cleave  off  HX.  However,  in  spite  of  this,  and  also  of  the  lower 
steric  hindrance  in  the  synthesis  of  silanes  due  to  the  higher  atomic  radius  of  silicon.,  only  triisobutylsilane  has  been 
prepared  by  the  action  of  isobutyl  sodium  on  SiCl^  (probably  because  the  fourth  atom  of  chlorine  was  substituted  not 
by  the  isobutyl  radical  but  by  sodium)  [3].  Introduction  into  the  isobutyl  radical  of  a  double  bond  in  the  beta -position 
enabled  Petrov  and  Nikishin  [4]  to  overcome  the  steric  hindrances  here  arising  and  to  obtain  tetraisobutenysilane  ac¬ 
cording  to  the  scheme: 

SiCl^  +  BrMg  -  CH2  -  C=CH2  — >  Si(CH2  -  C=CH2)4. 

CH,  1:Hj 

Isopropyl  magnesium  bromide  enters  with  still  greater  difficulty  into  reaction  with  SiCl4.  Only  2  isopropyl 
radicals  could  be  linked  to  the  silicon  atom  by  means  of  the  organomagnesium  synthesis  [5,  6].  When  using  a  mote 
active  metal  (lithium),  however,  the  isopropyl  radical  takes  the  place  of  3  atoms  of  chlorine.  A  fourth  isopropyl 
radical  could  not  be  introduced  even  by  the  action  on  triisopropylchlorosilane  of  a  molecule  of  isopropyllidiium. 

Similar  results  were  also  obtained  with  the  cyclohexyl  radical.  When  utilizing  M^rCgH^i  [7]  only  2  cyclo¬ 
hexyl  radicals  can  be  linked  to  the  silicon  atom.  When  using  cyclohexyllithium,  its  reaction  with  SiCl4  can  give 
(CjHii)3SiCl.  It  was  impossible,  however,  to  substitute  the  chlorine  atom  in  (C5Hii)sSiCl  by  the  organomagnesium 
or  organolithium  synthesis  either  with  the  cyclohexyl  radical  or  widi  C2H5  [8].  The  organolithium  syndiesis  also 
failed  to  lead  to  tetra-a-naphthylsilane,  tri-a-naphthylsilane  being  instead  formed, acctwding  to  the  scheme  [9]: 

(a-CioHT)3SiOC2H5+ a-CioHyLi  -►  (a-CioH7)3SiH. 

The  same  si li cohydrocarbon  [10]  was  also  obtained  according  to  the  scheme: 

(a-CioH7)3SiCl  +  a-CioHyLi  — (a-CioH7)3SiH. 

At  the  same  time  tetra-B -naphthylsilane  is  obtained  by  analogous  schemes  in  high  yields  [11]. 

If  SiCl4  is  replaced  by  SiF4  it  is  possible  even  by  the  organomagnesium  synthesis  to  link  3  isopropyl  and  cyclo- 
hexyl  radicals  to  the  silicon  atom  [12].  By  using  SiF4  it  is  likewise  possible  to  obtain  ( a  -C|oH7)3SiF  according  to  the 
scheme  [13]: 

BrMgCioH7  +  SiF4  (a -CioH7)jSiF. 
whereas  with  SiCl4  only  (a-CioH7)2SiCl2  is  obtained. 

Taking  into  consideration  the  partial  success  in  overcoming  the  difficulties  by  using  separately  either  silane 
fluorides  or  organolithium  compounds,  we  decided  to  make  joint  use  of  silane  fluoride  and  organolithium  compounds ' 
for  synthesis  of  a  series  of  tetrasubstituted  silanes  containing  radicals  which  cause  steric  hindrance. 

An  attempt  at  the  synthesis  of  tetra-a -napthylsilane  according  to  the  scheme: 

(a"Cj()H7)3SiF2  +  2o"CK|H7Li  ^  (fl  ■CigH7)4Si 

was  crowned  with  success. 

Since  the  synthesis  was  effected  at  high  temperature,  the  product  of  synthesis  was  contaminated  by  resinous 
admixtures  which  could  only  be  removed  by  chromatography. 

As  we  know,  tetracyclohexylmethane  could  not  be  obtained  either  by  condensation  of  tricyclohexylchloro- 
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methane  with  cyclohexyl  magnesium  bromide  or  by  hydrogenation  of  tetraphenylmethane  [14],  On  the  other  hand 
the  synthesis  of  its  silicon  analog  by  the  suggested  scheme  proceeded  even  after  the  first  step,SiF4  +  LiCjHn  — ► 
(CeHn)4Si  (8%).  Tetracyclohexylsilane  was  obtained  in  slightly  better  yield  by  a  two-step  synthesis  according 
to  the  equation 

(QHn)2SiF2  +  2LiC6Hn  (CeHiJaSi. 

The  fluorine  atom  in  (QHii)sSiF  could  be  substituted  by  the  n-butyl  radical  in  higher  yield  (21‘7o). 

Synthesis  of  tetraisobutyl-  and  tetraisopropylsilanes  was  effected  according  to  the  scheme: 

RjSiF  +  RLi  — ►  I^Si. 


In  the  table  are  set  forth  the  [voperties  and  yields  of  the  prepared  compounds. 

The  higher  reactivity  of  fluoro- 
silanes,  in  comparison  with  chloro- 
silanes,  is  evidently  explained  by 
the  relatively  high  charge  on  fluorine 
and,  consequently,  the  greater  ioni¬ 
zation  of  the  Si  -  F  bond  in  compari¬ 
son  with  the  Si  “  C  bond  [15],  The 
R  —  Li  bond  is  also  mae  strongly  io¬ 
nized  than  the  R—  MgBr  bond. 


Substance 

Formula 

Boiling  or  melt¬ 
ing  point 

dr 

nf} 

Yield 
(in  %) 

Tetraisopropylsilane 

CiiHjgSi 

B.p.  220-228* 

0.8006 

1.4472 

23,8 

Tetraisobutylsilane 

CieHseSi 

B.p.  248-250 

0.7910 

1.4431 

63.2 

Tetracyclohexylsilane 

C24H44Si 

M.p.  196-198 

— 

— 

11 

Tetra-  a  -naphthylsilane 

^40^2|6i 

M.p.  279.6-280 

— 

24.8 

EXPERIMENTAL 

Synthesis  of  tetra-g-naphthylsilane  [(a-CioH7)4Si].  The  reaction  was  canied  out  in  a  three-necked,  150  ml  flask, 
fitted  with  mercury -sealed  stirrer,  reflux  condenser,  dropping  funnel  and  gas  inlet  tube.  Naphthyllithium  was  prepared 
in  die  usual  way  from  30  g  (0.14  mole)  a -naphthyl  bromide  and  3  g  (0.2  mole)  lithium  in  50  ml  anhydrous  ethyl  ether. 
Dropwise  addition  was  made  to  it  of  7  g  (0.02  mole)  dinaphthyldifluorosilane  dissolved  in  ether.  The  flask  was  ob¬ 
served  to  heat  up.  After  heating  the  mixture  for  2  hours  on  a  water  bath,  70  ml  kerosene  (230-250*  fraction)  was  added, 
the  ether  was  driven  off  and  the  reactitxi  products  heated  on  an  oil  baeh  for  25  hours.  A  grey  precipitate  came  down. 
After  the  reaction  mixture  had  been  cooled  to  room  temperature,  the  previously  distilled-off  ether  was  added, and  de¬ 
composition  was  effected  in  the  usual  way. 

Brown  crystals  separated  from  the  ethereal  layer  and  were  filtered  off.  The  ethereal  layer  was  dried  with  cal¬ 
cium  chloride.  The  naphthalene  was  distilled  off  with  steam.  After  driving  off  the  ether,  crystals  came  down  and  were 
combined  with  the  batch  from  the  ethereal  layer.  Recrystallization  from  benzene  gave  0.3  g  substance  with  m.p.  224*; 
this  was  trinaphthylfluorosilane. 

The  main  bulk  of  the  crystals  was  insoluble  in  hot  benzene.  After  11  recrystallizations  from  a  mixture  of  lig- 
roine  and  chloroform,  the  crystals  had  a  yellow  color  and  melted  at  100-110*.  The  crystals  were  purified  by  the 
chromatographic  method.  A  column  30  cm  high  and  1.2  cm  in  diameter  was  filled  with  specially  prepared  AI2O3. 

The  substance  was  dissolved  in  a  mixture  of  ligroine  (60%)  and  chloroform  (40%),  and  the  solution  was  run  into  the 
column.  Elution  was  effected  with  the  same  mixture.  14  fractions  were  taken  off.  In  fractions  5-10,  after  evaporat¬ 
ing  off  the  solvents,  white  crystals  with  m.p.  271-272*  came  down.  After  two  recrystallizations  from  a  mixture  of 
ligroine  and  diloroform  the  crystals  had  m.p.  279.6-280.1*. 

In  all  2.9  g  (24.6%)  tetra-a-naphthylsilane  was  Isolated. 

6.59  mg  substance:  21.66  mg  CO^;  3.19  mg  HjO;  0.72  mg  SiO{.  6.25  mg  substance:  20.58  mg  CO^;  3.12  mg 

HjO;  0.70  mg  SiOfe.  Found'^Jx  C89.69,  89.86;  H  5.41,  5.58;  Si  5.12,  5.24,  C^HjiSi.  Calculated  %:  C  89.51; 

H  5.26;  Si  5.23. 

Synthesis  rf  tetraisopropylsilane  (iso-CiHrltSi.  From  8  g  (1  mole)  isopropyl  chloride  and  18  g  (2.3  moles)  finely 
flaked  lithium  in  150  ml  anhydrous  ethanol  in  an  atmosphere  of  dry  nitrogen  was  obtained  isopropyllithium.  To  this 
was  added  dropwise  36  g  (0.2  mole)  triisopropylfluorosilane. The  reaction  mixture  was  then  heated  for  26  hours  on  a 
water  bath.  After  cooling  to  room  temperature  and  separating  the  unreacted  lithium,  the  reaction  products  were  de¬ 
composed  with  water.  The  ether  layer  was  separated,  dried  and  fractionally  distilled  to  give  9.7  g  (23.8%)  tetraiso¬ 
propylsilane  with  b.p.  220-228*. 

Fraction  with  b.p.  222-224*;  ng  1.4472;  0.8006;  MRp  66.83,  calculated  67.32. 

Found  %  C  72.60,  72.22;  H  13.64,  13.54;  Si  13.86,  13.70.  CiiHjgSi,  Calculated  %:  C  72,00;  H  14.00;  Si  14.00. 


Synthesis  of  tricyclohexylbutylsilane  (CgHn)aSiQH9.  n-Butyllithium  was  prepared  by  the  usual  method  from 
30  g  butyl  bromide  (0,22  mole)  and  3  g  (0.43  mole)  finely  shredded  lithium.  To  the  lithium  compound  was  slowly 
added  13  g  tricyclohexylfluorosilane  (0.04  mole)  dissolved  in  anhydrous  ethyl  ether.  The  reaction  mixture  was 
heated  on  a  water  bath  for  16  hours;  kerosette(200*220*  fraction)  was  then  added,  the  ether  was  driven  off,  and  the 
residue  was  boiled  on  an  oil  bath  for  5  hours.  After  cooling  ta  room  temperature,  the  reaction  product  was  decom¬ 
posed  with  water.  The  ether  layer  was  driven  off,  dried  with  CaCl2  and  fractionated  to  give  3.2  g  (21,9^o)  tricyclc- 
hexyl-n-butylsilane  with  b.p.  365-370*,  m.p.  133-135*. 

Preparation  of  tetracyclohexylsilane  (C6Hn)ASi.  Method  1.  Cyclohexyllithium  was  prepared  in  a  three-necked, 
round- bottomed  liter  flask  from  14  g  (2  moles)  lithium  and  100  g  (0.89  mole)  cyclohexyl  chloride  in  500  ml  anhyd¬ 
rous  ethyl  ether.  To  the  lithium  compound  was  added  dropwise,  with  stirring,  46  g(0.2  mole)  dicyclohexylfluoro- 
silane  dissolved  in  100  ml  anhydrous  ethyl  ether.  The  reaction  mixture  was  heated  10  hours  on  a  water  badi  and  then 
11  hours  on  an  oil  bath  with  kerosene  (190-200*  fraction).  The  previously  distilled-off  ether  was  then  added,  and  af¬ 
ter  working  up  in  the  usual  manner  the  product  was  fractdonated  in  vacuum  to  give  8.1  g  (11,3^)  product  with  m.p. 
194*. 

Method  II .  Cyclohexyllithium  was  prepared  by  the  usual  procedure  from  100  g(0.89  mole)  cyclohexyl  chlor¬ 
ide  and  15  g(l  mole)  lithium  in  a  medium  of  ligroine.  3iF4  was  passed  into  tlie  solution  of  cyclohexyllithium  in 
ligroine  (50-75*  fraction)  for  4  Iiours  The  contents  of  the  flask  were  heated  for  6  hours  on  a  boiling  water  bath. 
Working  up  in  the  usual  way  gave  7.95%  yield  of  tetracyclohexylsilane  with  m.p.  196-198*. 

Found  %:  Si  7.41.  7.87.  C24H44Si.  Calculated  %:  Si  7.77. 

Synthesis  of  tetraisobutylsilane.  Isobutyllithium  was  prepared  from  4  g  (0.29  mole)  lithium  and  25  g  (0.27 
mole)  isobutyl  chloride  in  200  ml  anhydrous  ethyl  ether.  To  it  was  slowly  added,  with  stirring,  22  g  (0.1  mole) 
triisobutylfluorosilane.  Heat  was  released.  The  reaction  product  was  heated  7  hours  on  a  boiling  water  bath.  De¬ 
composition  followed  by  the  usual  treatment  led  to  separation  of  16.3  g  (63.2%)  tetraisobutylsilane. 

B.p.  248-250*  (767.6  man);  d^®  0.7910;  ng  1.4431;  MRp  85.85.  calculated  85.84. 

Found  %:  C  73.7,  73.72;  H  13.92;  14.02:  Si  11.11,  10.85.  CigHj^Si.  Calculated  %;  C  75.0;  H  14.08; 

Si  10.92. 

SUMMARY 

1.  It  was  shown  that  simultaneous  use  in  the  synthesis  of  tetrasubstituted  silanes  of  RLi  (in  place  of  RMgBr) 
and  SiF4  (in  place  of  SiCl4)  enables  the  very  considerable  steric  hindrance  to  be  overcome. 

2.  For  the  first  time  were  synthesized  tetraisopropylsilane,  tetraisobutylsilane,  tetracyclohexylsilane  and 
tetra-a  -naphthylsilane. 
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NEW  METHOD  OF  SYNTHESIS  OF  ESTERS  OF  PHOSPHONIC 
AND  THIOPHOSPHONIC  ACID 

XVIII.  ADDITION  OF  DIALKYLTHIOPHOSPHOROUS  ACIDS  TO  IDENIC 
DERIVATIVES  OF  MALONIC  AND  ACETOACETIC  ESTERS 

A.N.  Pudovik  and  L.I.  Sidnikhina 


In  connection  with  a  study  of  allyl  rearrangements  started  in  1946,  one  of  us  carried  out  systematic  investiga¬ 
tions  of  reactions  of  salts  of  dialkylphosphorous  acids  with  haloallyl  derivatives.  These  investigations  led  to  an 
interesting  and  unexpected  result.  It  was  found  that  when  the  reactions  in  question  were  carried  out  with  an  equi¬ 
molar  ratio  of  reactants  and  in  presence  of  a  small  amount  of  a  solvent,  substitution  of  the  halogen  in  the  haloallyl 
compound  by  a  phospho  group  also  results  in  addition  of  a  molecule  of  dialkyl  phosphorous  acid  at  the  double  bond 
of  the  unsaturated  phos phonic  ester: 


R  -  CH=CH  -  CHjHal  +  NaOP  (OR)2  — ^  R  -  CH=CH  “  CHjP^^^  +  NaHal 


R-  CH=CH-  CHj 


+  H0P(0R)2  — ►  R-  CHj  -  CH-  CHj  “ 

\OR)i  L/O  (OR)* 

(OR)j 


This  reaction  course  was  observed  in  the  case  of  allyl  bromide,  the  isomeric  chlorobutenes,  methoxychloropent- 
enes  and  butoxychloropentenes  [1],  This  observation  subsequently  formed  the  basis  of  a  new  method  of  synthesis  of 
esters  of  phosphonic  acids.  The  essential  feature  of  the  method  is  the  addition  of  dialkyl  phosphorous  and  dialky Ithio- 
phcsphorous  acids,  acid  esters  of  alkyl  and  aryl  phosphorous  acids,  phosphoacetic  ester,  phosf^oacetone,  cyanophos- 
phomethane  and  their  monoalkyl  derivatives  to  unsaturated  compounds  of  the  electrophilic  type.  The  reaction  is 
carried  out  in  presence  of  alkoxides  of  alkali  metals.  Addition  takes  place  with  great  facility  of  the  reactants  men¬ 
tioned  to  esters  of  unsaturated  carboxylic  acids  —  mono-  and  dibasic  ~  with  a  double  or  triple  bond.  A  large  number 
of  derivatives  of  esters  of  phospho-  and  thiophosphocarboxylic  acids  was  obtained  [2]. 

In  recent  years  addition  reactions  have  also  been  effected  with  unsaturated  nitriles  [3],  ketones  [4],  aldehydes 
[5],  esters  of  vinyl  alcohols  [6],  esters  of  vinylphosphonic  acid  [7]  and  anils  of  various  types  [8].  With  the  help  of  the 
new  method  were  obtained  diverse  esters  of  phospho-  and  diphosphocarboxylic  acids,  esters  of  phosphodicarboxylic 
and  phosphoketocarboxylic  acids,  cyanophosphonic  esters,  esters  of  ketophosphonic  acids,  unsaturated  hydroxyphos- 
phonic  esters,  esters  of  phosphoethyl  acetate,  substituted  aminophosphonic  esters,  various  diphosphonoe thane  deriva¬ 
tives,  and  thioanalogs  of  all  the  foregoing  types  of  compounds.  The  method  is  very  simple  and  convenient  for 
preparative  purposes,  the  addition  products  in  the  majority  of  cases  being  obtained  in  high  yields. 

In  a  paper  by  one  of  us  the  addition  was  described  of  dialkylphosphorous  acids  to  ethylidene  and  benzylidene 
malonic  and  ethylidene-  and  benzylideneacetoacetic  esters  [9].  It  was  shown  that  the  reaction  proceeds  with  great 
facility  and  that  the  addition  products  —  esters  of  dialkylphosphoethyl-  and  dialkylphosphophenylmethylmalonic  and 
acetoacetic  acids  —  are  obtained  in  yields  of  65-85^.  In  a  continuation  and  broadening  of  these  investigations  we 
decided  it  would  be  interesting  to  study  also  the  addition  of  dialkylthiophosphorous  acids  to  certain  types  of  idenic 
derivatives  of  malonic  and  acetoacetic  esters.  As  representatives  of  these  acids  we  chose  diethyl-  and  dibutylthio- 
phosphorous  acids.  The  reaction  was  effected  in  presence  of  sodium  ethoxide  and  butoxide  by  the  usual  procedure 
as  described  in  detail  in  the  above -cited  paper  [9].  Addition  of  diethylthiophosphorous  and  dibutylthiopho^hotous 
acids  to  ethylidenemalonic  and  ethylideneacetoacetic  ester  proceeded  very  easily  and  was  accompanied  by  consider¬ 
able  development  of  heat. 


The  addition  products  -  ethyl  esters  of  a-(dialkylthiophospho)ethylmalonic  and  a“(dialkylthiophospho)ethyl- 
acetoacetic  acids  —  were  obtained  in  yields  of  the  order  of  40-50‘ll),  i.e., lower  than  in  the  case  of  dialkylphosphorous 
acids.  The  course  of  the  reactions  of  addition  of  dialkylthiophosphorous  acids  to  ethylidenemalonic  and  ethylidene - 
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acetoacetic  esters  may  be  lepresentcd  by  the  followinjj  general  scheme: 

(R0)2PSH  +  RONa  (RO)2PSNa  +  ROH 
COOCaHj  ^ 

I,-CH=0^  ’  +  NaSP(OR)2  - 


CH, 


CHo-  CH-  CN 


COOC,Hs 


R' 


(0R)2 


or  CH,  -  CH 


--<4 

c  'n» 


OR'k 


ONa 

I 

C  -  OQHj 
R' 


CH3  -  CH  -  Cf/.  +  (ROljPSNa  ,etc. 

(OR)* 


where  R  =  CjHj  and  C4H9:  R’  =  CCXJCjHs  and  COCH3. 

The  constants  of  the  compounds  prepared  are  set  forth  in  the  table  (first  four  compounds).  They  are  viscous, 
colorless  (in  some  cases  faint-green)  liquids  with  an  unpleasant  odor. 

In  presence  of  sodium  alkoxides, 
dialkylthiophos{^orous  acids  are  cap¬ 
able  of  adding  on  to  benzylidene 
derivatives  of  malonic  and  acetoace¬ 
tic  acids.  The  product  of  addition 
of  diethylthiophosphorous  acid  to  the 
ethyl  ester  of  benzylidenemalonic 
ester  was  prepared.  It  had  a  high 
b.  p.  (210-212*  at  4  mm)  and  was 
a  very  viscous  liquid  with  a  faint 
green  color  and  a  weak,  unpleasant 
odor. 

Finally  we  investigated  the  addi¬ 
tion  of  dibutylthiophosphorous  acid 
and  dimethylphosphorous  acid  to  iso- 
propyli dene  malonic  ester.  In  the 
preceeding  paper  [9], in  which  this 
problem  was  also  touched  upon,  it 
was  noted  that  dialkylphosphorous 
acids  in  presence  of  alkoxides  of  the 
alkali  metals  readily  add  on  to  iso¬ 
propyl!  dene  malonic  and  isopropyl - 
ideneacetoacetic  esters,  but  the 
addition  products  could  not  be  iso¬ 
lated.  In  the  course  of  fractiona¬ 
tion  of  the  reaction  mixture,  the 
viscous,  nearly  solid  polymeric  mass. 

Our  experiments  on  the  addition  of  dibutylthiophosphorous  acid  to  isopropylidenemalonic  ester  likewise  did 
not  lead  to  a  successful  result;  in  course  of  fractionation  the  reaction  mass  invariably  changed  into  a  viscous, 
resinous  mass  which  decomposed  on  further  heating.  Employment  of  triethylamine  as  the  catalyst  likewise  did 
not  lead  to  an  addition  product;  no  reaction  took  place,  and  the  original  components  were  recovered  unchanged 
on  distillation.  It  was  observed,  however,  that  addition  of  sodium  butoxide  to  diis  distilled  mixture  of  starting 
components  caused  the  reaction  to  proceed  very  smoothly;  fractional  distillation  of  the  reaction  mixture  proceeded 
normally  and  it  was  possible  to  isolate  an  addition  product  in  satisfactory  yield.  The  application  of  this  somewhat 
com|dicated  procedure  to  the  reactions  of  dialkylphosphorous  acids  with  isopvopylidene  derivatives  of  malonic 
and  acetoacetic  esters,  reactions  which  formerly  could  not  be  realized,  also  had  a  successful  outcome.  The  product 
of  addition  of  dimethylphosphorous  acid  to  isopropylidenemalonic  ester  was  obtained  —  ethyl  ester  of  a-methyl-a- 
(dimethylphospho)ethylmalonic  acid  —  in  a  yield  of  about  50%.  The  reactions  proceed  according  to  the  equations; 


Prepara¬ 
tion  No. 

Formulas 

Boiling  point 
(pressure  in  mrr 
in  parentheses) 

n20 

Yield 
(in  %) 

1 

,C0CH3 

CH3CHCi/ 

151-152* (13) 

1.4720 

1.0919 

50 

2 

1  'COOC2H5 

s  =  p(cx:2H5)2 

.COCH3 

CH3CHCf/ 

178-180  (8) 

1.4753 

1.0710 

45 

3 

1  'ccxx:2H5 

S  =  P  (OC4H9-n)2 

cHjChch(cocx:2H5)2 

160-161  (3) 

1.4655 

1.1183 

52 

4 

S  =  ifOCiHsli 
CH3CHCH(C00C2H5)2 

190-192  (6) 

1.4558 

1.0616 

31 

5 

S  =  P(OC4H9-n)2 
CeHsCHCHf  COOCjHs)* 

210-212  (4) 

1.4910 

1.1075 

51 

6 

S  =  PfCXjHs)* 
(CH3)2CCH(C00C2H5)2 

200-202  (4) 

1.4679 

1.0531 

50 

7 

S  =  P(CX:4H9-n)2 
(CH3)2CCH(C00C2H5)2 

170-171  (9) 

1.4485 

1.1870 

41 

0  =  P(OCiH3)2 

viscosity  gradually  increased  .and  on  further  heating  it  changed  into  a  very 
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u 
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It  is  evident  that  the  preliminary  heating  of  isopropylidenemalonic  ester  with  triethylamine  frees  it  from  cer¬ 
tain  impurities  which  were  responsible  for  resinification  or  saponification  during  the  sub  sequent,  distillation  of  the 
reaction  products.  The  constants  of  the  addition  products  obtained  by  this  method  are  set  forth  in  the  table  (last 
two  substances). 


EXPERIMENTAL 

I.  Addition  of  diethylthiophosphorous  acid  to  ethyl  ethylidenemalonate.  To  the  reaction  mixture,  consisting  of 
6  g  ethyl  ethylidenemalonate  and  5  g  diethylthiophosphorous  acid,  was  added  dropwise  a  saturated  solution  of  sodium 
ethoxide  in  anhydrous  ethanol.  Considerable  heat  was  developed.  The  ethoxide  was  added  at  such  a  speed  that  the 
temperature  of  the  reaction  mixture  did  not  rise  above  80*.  The  solution  of  sodium  ethoxide  was  introduced  dropwise 
until  its  addition  no  longer  caused  heat  to  be  developed.  A  short  induction  period  was  observed  at  the  start,  after 
which  the  reaction  proceeded  very  quickly;  about  15  drops  ethoxide  in  all  were  required  for  completion  of  the  reac¬ 
tion.  After  an  hour's  heating  on  a  water  bath,  the  reaction  mixture  was  distilled  in  vacuum.  Two  fractionations 
from  an  Arbuzov  flask  gave  5.4  g  ethyl  ester  of  a  -(ethylthiophospho)ethylmalonic  acid  with  b.p.  160-161*  at  3  mm. 

Found  P  8.73.  Ci3H250gPS.  Calculated ‘T'o;  P  9.11. 

II.  Addition  of  dibutylthiophosphorous  acid  to  ethyl  ethylidenemalonate,.  In  the  reaction  were  taken  4.7  g 
ethylidenemalonic  ester  and  5.3  g  dibutylthiophosphorous  acid.  The  reaction  was  conducted  in  presence  of  sodium 
butoxide.  The  reaction  mixture  was  heated  on  a  water  bath  for  3  hours  and  then  distilled  in  vacuum.  The  fractiona¬ 
tion  gave  about  5  g  of  a  mixture  of  starting  components  and  3.1  g  ethyl  ester  of  a  -(dibutylthiophospho)ethylmalonic 
acid  witii  b.p,  190-192*  at  6  mm. 

Found  <70:  P  7.77.  C17HS3O6PS.  Calculated ‘/o;  P7.83. 

III.  Addition  of  diethylthiophosphorous  acid  to  ethyl  ethylideneacetoacetate.  The  reaction  was  conducted  with 

5  g  ethyl  ethylideneacetoacetate  and  5  g  diethylthiophos^orous  acid  in  presence  of  sddium  ethoxide  by  the  procedure 
described  in  the  first  experiment.  Addition  of  the  ethoxide  solution  to  the  reaction  mixture  was  accompanied  by  con¬ 
siderable  heat  development.  After  2  hours’  heating  on  water  bath,  the  reaction  mixture  was  neutralized  by  addition 
of  1  ml  of  glacial  acetic  acid  and  then  fractionated  in  vacuum.  Two  fractionations  from  a  small  Arbuzov  flask  gave 
4.9  g  ethyl  ester  of  a -(diethylthiophospho)ethylacetoacetic  acid  with  b.p.  151-152*  at  13  mm. 

Found  <1*):  P  10.30.  C12H23O5PS.  Calculated  P  10.00. 

IV.  Addition  of  dibutylthiophosphorous  acid  to  ethyl  ethylideneacetoacetate.  To  a  reaction  mixture  consisting 
of  4.4  g  ethyl  ethylideneacetoacetate  and  6  g  dibutylthiophosphorous  acid  was  slovdy  added  dropwise  a  saturated  solu¬ 
tion  of  sddium  butoxide  in  anhydrous  butyl  alcohol.  Considerable  heat  was  developed  during  the  reaction.  After  2 
hours*  heating  on  a  water  bath  followed  by  neutralization  of  the  sodium  butoxide  with  glacial  acetic  acid,  the  reac¬ 
tion  mixture  was  fractionated  in  vacuum  to  give  4.6  g  ethyl  a  -(dibutylthiophospho)acetoacetate  with  b.p.  178-180* 
at  8  mm. 

Founder  P  8.31,  C16H32O5PS.  Calculated‘S;  P  8.46, 

V.  Addition  of  diethylthiophosphorous  acid  to  etlyl  benzylidenemalonate.  The  reaction  was  performed  with 
6.4  g  ethyl  benzylidenemalonate  and  4  g  diethylthiophosphorous  acid  in  presence  of  sodium  ethoxide.  After  the 
end  of  the  reaction  and  heating  of  the  reaction  mixture  for  an  hour  on  a  water  bath,  the  sodium  ethoxide  was  neutra¬ 
lized  with  acetic  acid.  To  the  mixture  was  added  ether,  the  precipitate  of  sodium  acetate  was  filtered  off,  the 
ether  was  driven  off  on  a  water  bath,  and  the  residue  was  distilled  in  vacuum  to  give  5.3  g  ethyl  phenyl-(diethyl- 
thiophospho)methylmalonate  with  b.p.  210-212*  at  4  mm. 

Found'S:  P  7,70,  Ci|H270fePS.  Calculated'S:  P7,71. 

VI.  Addition  of  dibutylthiophosphorous  acid  to  ethyl  isopropylidenemalonate.  Experiment  1.  To  a  mixture  of 
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5  g  ethyl  isopiopylidenemalonate  and  5.3  g  dibutylthiophosphorous  acid  was  added  dropwise  a  solution  of  sodium 
butoxide.  Considerable  heat  was  developed  by  the  reaction  mixture.  After  the  reaction  mixture  had  been  heated 
on  a  water  bath  for  2  hours;  the  sodium  butoxide  was  neutralized  with  acetic  acid,  and  the  mixture  was  filtered  and 
distilled.  After  a  small  quantity  of  low-boiling  products  had  come  over,  the  residue  quickly  thickened  and  was  soon 
transformed  into  a  resinous  mass  which  decomposed  on  further  heating.  Repeated  experiments  and  change  of  some 
of  the  conditions  also  failed  to  give  satisfactory  results. 

Experiment  2.  The  reaction  was  conducted  with  the  same  amounts  of  reactants  but  in  presence  of  triethylamine. 
Addition  of  the  triethylamine  was  not  accompanied  by  liberation  of  heat.  After  2  hours'  heating  on  a  water  bath  the 
reaction  mixture  was  fractionated  in  vacuum.  A  mixture  of  the  original  substances  came  over.  To  these  was  added 
sodium  butoxide  in  quantity  necessary  for  completion  of  the  reaction.  Considerable  heat  was  developed  in  the  reac¬ 
tion  mixture  during  the  introduction  of  the  sodium  butoxide.  The  mixture  was  then  worked  up  as  in  the  previous 
experiment.  Fractionation  in  vacuum  gave  5.1  g  ethyl  a -methyl-a -(dibutylthiophospho)ethylmalonate  with  b.p. 
200-202*  at  4  mm. 

Found  “yo:  P  7.11,  CigHssOjPS.  Calculated  “^o:  P  7,55. 

VII.  Addition  of  di methyl phosiAorous  acid  to  ethyl  isopropylidenemalonate.  Experiment  1.  Reactants  were 
6.5  g  ethyl  isopropylidenemalonate  and  3.5  g  dimethylphosphorous  acid.  The  reaction  was  carried  out  in  presence 
of  sodium  methoxide  and  proceeded  with  much  heat  liberation.  After  heating  on  a  water  bath  followed  by  neutra¬ 
lization  of  the  sodium  methoxide,  the  mixture  was  distilled  in  vacuum.  A  small  amount  of  low-boiling  materials 
came  over  to  leave  a  residue  which  quickly  changed  into  a  thick,  resinous  mass.  Further  heating  led  to  decompo  ¬ 
sition  with  evolution  of  a  white  vapor.  A  repeat  of  the  experiment  under  the  same  ccxiditions  was  unsuccessful. 

Experiment  2.  The  experiment  was  carried  out  with  the  same  amounts  xjf  ceactants  and  catalyst,  but  the  reac¬ 
tion  mixture  was  previously  heated  with  triethylamine.  By  this  procedure  thc'/fractionation  of  the  reaction  mixture 
proceeded  normally.  4.1  g  ethyl  a  -methyl-a  -(dimethylphospho)ethylthalonate  was  isolated  with  b.p.  170-171*  at 
9  mm. 

Found  ^h:  P  9.74.  ChHjsOtP  Calculated  °lox  P  10.00, 

SUMMARY 

1.  It  was  shown  that  dialkylthiophosprtiorous  acids  add  on  to  ethylidenemalonic,  benzylidenemalonic.  isopropyl- 
idenemalonic  and  ethylideneacetoacetic  esters. 

2,  The  following  addition  products  were  prepared  and  characterized;  ethyl  esters  of  a -(ethylthiophospholethyl- 
malonic.  a  -(dibutylthiophospho)ethylmalonic,  a  -(diethylphospho)ethylacetoacetic.  a  -(dibutylthiophospho)ethylaceto- 
acetic,  phenyl-(diethylthiophospho)methylmalonic,  a  -methyl-a  -(dimethylphospho)ethylmalonic  and  a  -methyl-a  - 
(dibutylthiophosi^o)ethylmalonic  acids. 
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THE  ACTION  OF  SUBSTITUTED  VINYL  ETHERS  AND  ESTERS  ON  CYCLONES 


V.S,  Abramov  and  A.P.  Pakhomova 


Abramov  [1]  has  shown  that  vinyl  ethers  and  esters  can  serve  as  the  olefinic  component  in  reactions  of  diene 
synthesis  with  cyclones.  The  diene  synthesis  of  cyclonei  with  vinyl  compounds  proceeds  with  cleavage  of  the  endo- 
carbonyl  bridge  and  removal  of  alcohol  in  the  case  of  vinyl  ethers,  or  removal  of  an  acid  in  t!ie  case  of  vinyl  esters, 
or  in  general  of  the  molecule  HX,  where  X  is  any  non-carbon  atom. 


\  I 


_ / 

^  /  I 

CftH,  CftHs 


c=o 


CHg 

II 

CHX 


C6H5 


CsHy 


C6H5 


CO-^HX 


This  course  of  the  diene  synthesis  of  vinyl  compounds  of  the  type  of  CH2=CHX  is  general  for  cyclones.  The 
behavior  of  the  more  reactive  phencyclone  [2],  however,  differs  from  that  of  all  other  cyclones.  Many  dienophiles 
add  on  to  phencyclone  with  greater  facility  than  in  the  case  of  other  cyclones.  In  reactions  of  diene  synthesis  with 
vinyl  compounds,  phencyclone  gives  the  normal  adducts  with  an  endocarbonyl  bridge. 


The  facility  with  which  phencyclone  undergoes  addition  reactions  and  the  tendency  to  form  stable  addition 
products  with  an  endocarbonyl  bridge,  in  contrast  to  all  other  cyclones,  must  be  explained  by  the  specificity  of  its 
structure  and  the  specificity  of  the  addition  product  formed. 


Abramov  and  Shapshinskaya  [3]  studied  the  reaction  of  cyclones  with  aliphatic  and  cyclic  enol-esters.  It  was 
suggested  that  cyclones  and  enol  esters  will  react  according  to  the  diene  synthesis,  and  since  enol  esters  can  be  re¬ 
garded  as  substituted  vinyl  esters,  then  by  analogy  with  vinyl  compounds  the  diene  synthesis  of  cyclones  with  esters 
ought  to  proceed  with  cleavage  of  the  endocarbonyl  bridge  and  removal  of  the  compound  HX. 


It  was  found  that  in  the  cases  studied,  the  reactions  of  cyclone,  acecyclone  and  phencyclone  with  enol  esters 
do  not  proceed  according  to  the  diene  synthesis.  Cyclone  and  phencyclone  give  products  of  their  reduction;  (2,5-di 
hydrocyclone  (I)  and  2,5-dihydrophencyclone  (II). 


that  reduction  takes  place  at  the  expense  of  enol  esters, 
not  studied. 


Reaction  of  acecyclone  with  enol  esters  is  accom¬ 
panied  by  severe  resinification,  and  it  was  not  possible  to 
isolate  any  specific  substances.  The  reactions  were  car¬ 
ried  out  in  a  benzene  medium. 

One  of  us  [4]  previously  obtained  dihydrocyclones 
by  reaction  of  cyclones  with  hydrocarbons,  alcohols  and 
other  organic  compounds.  Benzene  reduces  cyclones 
with  great  difficulty.  In  this  case  we  must  conclude 
The  mechanism  of  the  reactions  taking  place  was,  however. 


In  the  present  research  we  were  interested  in  a  further  study  of  the  diene  synthesis  of  cyclones  with  other 
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substitut.;d  vinyl  cojipounds.  We  regarded  enol  esters  as  6 -substituted  vinyl  etliers  which,  as  was  shown,  do  not  react 
with  cyclones  according  to  the  diene  synthesis.  It  was  necessary  to  study  the  behavior  in  these  reactions  of  a  -substi¬ 
tuted  vinyl  esters  in  order  to  be  able  ro  reach  a  conclusion  about  the  influence  of  the  position  of  the  substituting  group 
on  the  diene  synthesis  of  cyclones.  We  studied  the  reaction  of  cyclones  with  a  -  substituted  vinyl  ethers  and  esters  and 
we  established  that  the  a  -substituted  vinyl  ethers  and  esters,  in  contrast  to  the  6  -substitiiicd  ones,  undergo  t!ie  diene 
synthesis  wit’  cyc’oncs,  > 


Cyclone  reacts  with  the  a  -methylvinyl  es'ter  of  acetic  acid  according  to  the  following  scheme  to  give  1 
methyl-2,3,4,5-tetraphenylbenzene  with  m.p.  185-186*: 


The  same  product  is  obtained  by  the  action  of  a  -methylvinyl  ethyl  ether  on  cyclone.  Reaction  of  a  -phenyl- 
vinyl  ethyl  ether  with  cyclone  gives  pentaphenylbenzene  [5],  In  all  cases  the  endocarbonyl  bridge  and  acid  or  alcohol 
ate  detached  during  the  diene  synthesis. 

Acecyclone  reacts  with  a -phenyl vinyl  ethyl  ether  to  give  1.2.5-triphenyl-2,3-(l,8-naphthylene)-benzene  with 
m.p,  193-194*  [6]: 


I 


Acecyclone  reacts  with  other  vinyl  ethers  with  severe  resinification  and  specific  reaction  products  were  not 
isolated. 

Phencyclone  reacts  with  a -methylvinyl  acetate  to  give  2,5-endocarbonyl-l-methyl-l-acetoxy-2,5-diphenyl- 
3.4-(0, O' -biphenylene)-A ’-cyclohexene  (III,  where  R  =  CHj;  R’  =  COCH3)  with  m.p.  238-239*;  with  a -methylvinyl 
ethyl  ether  it  gives  2.5-endocarbonyl-l-methyl-l-ethoxy-2,5-diphenyl-3,4-(0,0’-biphenylene  a’- cyclohexene) - 
(III,  where  R  =  C^Hs;  R'  =  QHj)  with  m.p.  251-252*,  while  with  a  -phenylvinyl  ethyl  ether  it  gives  2,5-endocarbonyl" 
l-ethoxy-l,2,5-triphenyl-3.4-(0,0’-biphenylene)- A’-cyclohexene  (III,  where  R  =  CgHs;  R’  =  C2H5)  with  m.p.  269- 
270*.  Phencyclone  reacts  with  a  -  substituted  vinyl  ethers  and  esters  according  to  the  diene  synthesis  and  gives 
normal  adducts  with  retention  of  the  endocarbonyl  bridge: 
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where  R  is  methyl  or  phenyl,  and  R'  is  ethyl  or  acetyl. 

EXPERIMENTAL 

Preparation  of  a  -methylvinyl  ethyl  ether.  15.5  g  magnesium  turnings  was  placed  in  a  flask  fitted  with  a 
mechanical  stirrer,  a  reflux  condenser  and  a  dropping  funnel;  100  ml  dry  ether  was  run  in.  Into  the  magnesium  was 
gradually  run  92  g  m  thyl  iodide.  The  reaction  was  completed  by  heating  on  a  water  bath.  After  the  whole  of  the 
magnesium  had  reacted,  the  reaction  mass  was  cooled  to  room  temperature.  With  further  cooling  and  stirring,  addi¬ 
tion  was  made  to  the  methylmagnesium  iodide  of  150  g  a.fl-dibromodiethyl  ether  dissolved  in  100  ml  dry  ether. 
During  tliis  operation  heat  was  evolved.  The  course  of  the  reaction  was  regulated  by  the  speed  of  addition.  After 
addition  was  completed,  the  reaction  products  were  heated  on  a  water  bath  and  then  treated  with  dilute  hydrochlo¬ 
ric  acid.  The  ether  layer  was  collected  and  dired,  the  ether  was  driven  off,  and  the  residue  fractionated  in  vacuum. 
During  fractionation  much  resinification  occurred.  A  small  amount  of  substance  giving  a  positive  reaction  for 
bromine  came  off. 

The  distilled  product  was  subjected  to  cleavage  of  hydrogen  bromide.  This  was  effected  with  2^o  alcoholic 
solution  of  KOH  with  stirring  and  cooling  and  with  gradual  addition  of  a  -methyl  bromodiethyl  ether.  The  preci¬ 
pitated  potassium  bromide  was  filtered  off  and  the  alcoholic  solution  was  carefully  fractionated.  After  three  suc¬ 
cessive  fractionations  in  a  Widmer  column,  the  fraction  of  a  -methylvinyl  ethyl  ether  with  b.p.  52.5-53.5*  and  the 
following  constants  was  collected;  nf)  1.3805,  0.778,  MR  25,68;  calculated  26.47. 

Reaction  of  cyclone  with  isopropenyl  acetate.  Cyclone  was  obtained  by  Dilthey’s  method  [8].  2  g  cyclone, 

3  ml  isopropenyl  acetate  and  15  ml  dry  ether  were  sealed  into  a  tube.  The  tube  was  heated  in  a  furnace  at  130- 
160*  for  10  hours  and  at  180-200*  for  23  hours  until  the  crimson  color  of  the  solution  due  to  the  cyclone  had  disap¬ 
peared.  Insignificant  pressure  was  detected  when  the  tube  was  opened.  The  escaping  gases  burned  with  a  bluish 
flame.  Benzene  was  distilled  off  from  the  reaction  products,  and  from  the  residue  on  cooling  were  deposited  white 
crystals  with  m.p.  182-183*,  yield  1.9  g  (91%).  After  recrystallization  from  glacial  acetic  acid  they  melted  at  185- 
186*. 

0.2004  g  substance:  0.6878  g  CC^;  0.118  g  HjO.  Found  %:  C  93.60;  H  6.19.  Calculated  %:  C  93.94; 

H  6.06. 

Reaction  of  cyclone  with  g -methylvinyl  ethyl  ether.  2  g  cyclone,  1.5  ml  a -methylvinyl  ethyl  ether  and  15 
ml  benzene  were  sealed  into  a  tube  under  carbon  dioxide.  The  tube  was  heated  at  180-200*  for  75  hours.  Insignifi¬ 
cant  pressure  was  detected  when  the  tube  was  opened.  The  benzene  was  distilled  off,  and  the  resinous  residue  solir 
dified  when  anhydrous  ethanol  was  added.  After  washing  with  ethanol  the  residue  had  m.p.  180-185*,  yield  1.1  g 
(50%).  After  recrystallization  from  glacial  acetic  acid  the  substance  melted  at  185-186*.  A  mixed  test  eith  the 
product  of  reaction  of  cyclone  with  isopropenyl  acetate  melted  at  185-186*. 

Reaction  of  cyclone  widi  a  -phenylvinyl  ethyl  ether.  2  g  cyclone,  3  ml  a  -phenylvinyl  ethyl  ether  and  15 
ml  benzene  were  heated  in  a  sealed  tube  at  120-150*  for  5  hours  and  at  180-200*  for  62  hours.  The  contents  of  the 
tube  had  a  brown  color.  Slight  pressure  was  detected  on  opening  the  tube.  The  benzene  was  distilled  off  from  the 
reaction  products.  On  cooling,  the  residue  deposited  white  crystals  which  were  filtered  and  washed  with  anhydrous 
enthanol;  m.p.  237-240*.  yield  0,7  g  (29%).  After  recrystallization  from  a  1 ;  1  mixture  of  benzene  and  ethanol  the 
m.p.  was  242-243*.  Pentaphenylbenzene  has  m.p,  245-246*  [8]. 

Reaction  of  acecyclone  [9]  with  a  -phenylvinyl  ethyl  ether.  2  g  acecyclone,  3  ml  a  -  phenylvinyl  ethyl  ether 
and  15  ml  benzene  were  heated  in  a  sealed  tube  in  a  furnace  at  120-150*  for  5  hours  and  at  180-200*  for  24  hours. 
The  finish  of  the  reaction  was  marked  by  decolorization  and  by  development  of  a  brown  color  of  the  solution.  Slight 
pressure  was  detected  when  the  tube  was  opened.  The  benzene  was  dirven  off  and  the  residue  deposited  yellowish 
crystals,  weight  1.8  g  (78%),  m.p.  182-186*.  After  recrystallization  from  benzene-ethanol  they  melted  at  193-194*. 
l,4,5-Triphenyl-2.3-(l,8.naphthylene)benzene  has  m.p,  195-196*  [6]. 

Reaction  of  acecyclone  with  isopropenyl  acetate.  2  g  acecyclone.  3  ml  isopropenyl  acetate  and  15  ml  ben¬ 
zene  were  heated  in  a  sealed  tube  at  180-200*  for  30  hours.  The  close  of  the  reaction  was  indicated  by  decolori¬ 
zation  and  formation  of  a  light  brown  color  in  the  solution.  After  opening  the  tube  and  driving  off  the  benzene, 
crystallization  of  the  residue  only  commenced  after  two  weeks.  Regularly  fromed  crystals  were  not  obtained  and 
the  melting  point  was  indefinite. 

Reaction  of  phencyclone  [9]  with  isopropenyl  acetate.  2  g  phencyclone,  1.5  ml  isopropenyl  acetate  and  15 
ml  benzene  were  heated  in  a  sealed  tube  on  a  boiling  water  bath  for  35  hours.  The  termination  of  the  reaction  was 
marked  by  disappearance  of  the  green  color  of  the  phencyclone  solution.  The  tube  was  opened  and  the  benzene  was 
driven  off.  On  cooling,  the  residue  deposited  white  crystals  weighing  2.2  g(91%)  and  melting  at  235-238*.  After 
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recrysullization  from  a  mixture  (1 : 1)  of  alcohol  and  benzene,  they  melted  at  238*239”. 

0,1848  g  substance:  0.5726  g  CO^;  0.0900  g  HjO.  Found  %•.  C  84.50;  H  5.41.  C34H28O3.  Calculated  ’’Jo-. 

C  84.64;  H  5.39. 

Reaction  of  phencyclone  with  a  -phenylvinyl  ethyl  ether.  2  g  phencyclone.  3  ml  a  -phenylvinyl  ethyl  ether 
and  15  ml  benzene  were  heated  in  a  sealed  tube  in  a  furnace  at  120-150”  for  5  hours.  The  end  of  the  reaction  was 
marked  by  disappearance  of  the  green  color  of  the  solution.  The  tube  was  opened  and  the  benzene  was  driven  off. 

The  residue  crystallized  after  cooling  and  addition  of  glacial  acetic  acid.  The  filtered  product,  after  washing  with 
ethanol,  had  m.p.  215-225”,  yield  0.9  g  (35*^).  After  several  recrystallizations  from  glacial  acetic  acid  it  had  m.p. 
269-270”. 

0.1822  g  substance:  0.5888  g  CO^;  0.0944  g  HjO.  Found  *5?):  C  88.13;  H  5.75.  C39H30O2.  Calculated ‘7o; 

C  88.30;  H  5.66. 

Reaction  of  phencyclone  with  g  -methylvinyl  ethyl  ether.  2  g  phencyclone,  1.5  ml  a  -methylvinyl  ethyl 
ether  and  15  ml  benzene  were  sealed  into  a  tube  under  carbon  dioxide.  The  tube  was  heated  in  a  boiling  water  bath 
for  34  hours.  The  end  of  the  reaction  was  indicated  by  disappearance  of  the  green  color  of  the  solution, which  changed 
to  straw-yellow.  Cooling  of  the  tube  resulted  in  separation  of  faint-yellow  crystals.  The  tube  was  opened  and  the 
crystals  were  filtered  and  washed  with  benzene  and  ethanol;  m.p.  200-210”;  yield  0.8  g  (35*70);  after  recrystallization 
from  a  mixture  of  ethanol  and  benzene  the  m.p.  was  251-252”. 

0.1222  g  substance;  0.3900  g  CO^;  0.0675  g  H2O.  Found  *70:  C  87.04;  H  6.14,  Cj4l^jC^.  Calculated  *70: 

C  87.18;  H  5.98. 


SUMMARY 

1.  It  was  established  that  cyclones  react  with  a  -substituted  vinyl  ethers  and  esters  by  the  diene  synthesis, 
in  contrast  to  B  -substituted  ethers  or  esters. 

2.  Cyclone  and  acecyclone  react  with  a  -substituted  vinyl  ethers  and  esters  by  the  diene  synthesis  which  pro¬ 
ceeds  with  rupture  of  the  endocarbonyl  bridge  and  removal  of  alcohol  (in  the  case  of  vinyl  ethers)  or  of  acid  (in  the 
case  of  vinyl  esters). 

3.  Phencyclone  reacts  with  vinyl  ethers  and  esters  by  the  diene  synthesis  with  formation  of  addition  products 
with  an  endocarbonyl  bridge. 
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ACTION  OF  HYDROGEN  SULFIDE  ON  ESTERS  OF  ARSENOUS  ACID 


K  .  I .  Kuzmin 


As  we  know,  on  passing  hydrogen  sulfide  through  a  solution  of  arsine  oxides  with  heating,  the  oxygen  can  be  re¬ 
placed  by  sulfur  to  give  the  corresponding  arsine  sulfides: 

RAsO  +  HjS  =  RAsS  +  FjO, 

(R2As)20  +  H2S  “  (R2As)2S  +  H2O. 

Compounds  so  prepared  were  phenarsazine  sulfide  [1],  phenylarsine  sulfide  [2]  ,Qtc. 

In  this  investigation  we  studied  the  action  of  hydrogen  sulfide  on  esters  or  arsenous  acid,  a  problem  of  some 
theoretical  interest  since,  if  the  reaction 

(RO)3As  +  3U2S  =  (RS)3As  +  3H2O 

could  be  realized,  this  route  could  lead  relatively  simply  to  esters  of  thioarsenous  acid,  compounds  which  have  hardly 
been  investigated. 

However,  on  passing  dry  hydrogen  sulfide  into  a  solution  of  an  ester  of  arsenous  acid  in  dry  toluene  or  anhydrous 
diethyl  ether,  a  yellow  precipitate  of  arsenic  sulfide  came  down  according  to  the  equation: 

2(RO)3As  +  3H2S  =  6ROH  +  AS2S3  . 

The  reaction  took  place  with  liberation  of  heat.  Consequently  the  action  of  hydrogen  sulfide  on  esters  of  arsen¬ 
ous  acid  is  completely  analogous  to  the  action  of  water:  esters  of  arsenous  acid  are  easily  decomposed  by  hydrogen  sul¬ 
fide  wit’’  for  latioii  of  t'.’e  corresponding  alcohol  and  arsenic  sulfide.  Arsenic  sulfide  comes  down  quantitatively,  and 
this  suggests  the  possibility  of  utilization  of  this  reaction  for  analysis  of  the  respective  organic  derivatives  of  arsenic. 

EXPERIMENTAL 

The  esters  of  arsenou'.  acid  used  in  our  work  were  prepared  by  reaction  of  the  corresponding  alconol  with  arsen¬ 
ic  trichloride  in  presence  of  pyridine  in  a  medium  of  dietliyl  ether.  The  physico-chemical  constants  of  the  prepared 
esters  were  in  good  agreement  with  the  constants  reported  in  the  literature. 

Action  of  hydrogen  sulfide  on  tri-n-octyl  arsenite.  Hydrogen  sulfide,  previously  dried  by  passage  through  three 
U-tubes  with  phosphorus  pentoxide  and  glass  wool,  was  passed  through  a  solution  of  6.26  g  tri-n-octyl  arsenite  in  '0  ml 
anhydrous  diethyl  ether  in  a  round -bottomed  flask  fitted  with  a  reflux  condenser.  Arsenic  trisulfide  soon  came  down 
and  sliglit  heating  was  observed.  After  passage  of  the  hydrogen  sulfide  had  been  stopped,  the  precipitate  of  arsenic  tri¬ 
sulfide  was  filtered,  washed  with  dry  ether  and  dried  for  several  hours  in  a  drying  cupboard  at  130*.  Weight  of  precipi¬ 
tate  after  drying,  1.7  g(the  theoretical  requirement  was  1.67  g). 

Found  %:  As  60.6.  AS2S3.  Calculated  ’’Jo-.  As  60.9. 

The  filtrate  was  transferred  toan Arbuzov  flask.  The  ether  was  driven  off  and  the  residue  distilled  in  vacuum, when 
the  whole  residue  (4.1  g)  of  n-octyl  alcohol  came  over  at  90*  (13  mm);  0.8269,  n^  1.4288. 

Action  of  hydrogen  sulfide  on  ethyl,  isopropyl  and  isobutyl  esters  of  arsenous  acid.  Treatment  with  hydrogen  sulfide 
of  solutions  of  triethyl  arsenite,  triisopropyl  arsenite  and  triisobutyl  arsenite  in  toluene  in  the  above  apparatus  led  to 
rapid  separation  of  arsenic  trisulfide  and  slight  development  of  heat.  The  weight  of  the  residue  of  arsenic  trisulfide  after 
drying  in  all  cases  was  slightly  higher  than  the  theoretical  requirement. 

SUMMARY 

It  was  established  that  esters  of  arsenous  acid  are  decomposed  with  facility  by  hydrogen  sulfide, with  separation  of 
arsenic  trisulfide  and  the  corresponding  alcohol. 
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SYNTHESIS  OF  SOME  DERIVATIVES  OF  ALIPHATIC  0-AMINO  ACIDS 
G.M.  Borodina  and  E.S.  Tarasevich 

The  preparation  of  aromatic  hydroxamtc  acids  has  been  adequately  described  in  the  literature  [1],  whereas 
relatively  little  has  been  published  about  aliphatic  hydroxamic  acids.  .  Information  is  completely  lacking  about 
hydroxyamic  acids  which  are  derivatives  of  compounds  with  mixed  functions.  It  was  therefore  a  matter  of  interest 
to  prepare  hydroxamic  acids  which  are  derivatives  of  some  aliphatic  0 -amino  acids. 

0“Aminodecanoic  (0-aminocapric),  0-aminoundecanoic  and  0-aminolauric  acids  were  obtained  by  the  method 
of  Rodionov  and  Zvorykina  by  condensation  of  the  corresponding  aldehydes  with  malonic  acid  in  presence  of  alcoholic 
ammonia  [2,  3].  The  ethyl  esters  were  prepared  from  these  acids  by  the  usual  method.  Reaction  of  an  aqueous  alk- 
aline  solution  of  hydroxylamine  with  the  esters  of  0-amino  acids  in  presence  of  aqueous  KOH  gave  the  0-amino- 
alkylhydroxamic  acids. 

In  the  literature  is  reported  the  isolation  of  hydroxamic  acids  of  the  aliphatic  series  with  the  help  of  copper 
acetate  followed  by  decomposition  of  the  copper  salt  with  hydrogen  sulfide  [4].  We  isolated  0-aminodecane-, 

0 -aminoundecane-  and  0-aminolauric  hydroxamic'  jicids  in  the  form  of  the  hydrochlorides,  as  was  described' 
in  the  caso  of  hydroxamic  acids  of  acids  of  the  aromatic  series  [5].  ~ 

EXPERIMENTAL 

0-Aminoundecanoic  acid.  A  mixture  of  10  g  nonanal  7i35'gmalonic  acid  and  22  ml  5.48*70  alcoholic  ammonia 
(1.21  g  NH3)  was  heated  until  carbon  dioxide  ceased  to  come  off.  The  reaction  mass  was  worked  up  with  150  ml  warm 
water.  On  standing,  the  aqueous  layer  deposited  white  crystals  which  after  three  recrystallizations  from  alcohol  had 
m.p.  196-197*  with  decomposition.  Weight  1.0  g.  The  compound  was  soluble  in  hot  water.  alcohoL  hydrochloric 
acid  and  sodium  bicarbonate,  insoluble  in  ether  or  acetone. 

8.482  mg  substance:  0.518  mg  (22*.  740  mm).  Founder  N  6.82.  CnHjsQjN.  Calculated  “T*:  N  6.96. 

0 -Aminolauric  acid  was  prepared  by  the  method  described  for  0-aminoundecanoic  acid.  From  10  g  capric 
aldehyde,  6.7  g  malonic  acid  and  10  ml  11*^  alcoholic  ammonia  solution  (1.12  g  NH3)  was  obtained  1.3  g  0  -amino¬ 
lauric  acid.  After  crystallization  from  alcohol  it  had  m.p.  194-195*. 

7.96  mg  substance:  0.471  mg  Ng  (19*,  741  mm).  Found  ^  N  6.74.  C12H2SP2N.  Calculated  “^o:  N  6.51. 

Ethyl  0 -aminodecanoate.  A  solution  of  4  g  0-aminodecanoic  acid  [2]  in  20  ml  anhydrous  ethanol  was  satu¬ 
rated  with  hydrogen  chloride  until  the  acid  had  dissolved  completely.  The  reaction  mixture  was  heated  for  an  hour 
on  a  water  bath,  after  which  the  excess  ethanol  was  distilled  off.  To  the  residue  was  added  an  equal  volume  of  water 
(1.5-2)mli)'and  10  ml  ether, and  the  mixture  shaken  with  intense  cooling  with  a  slight  excess  of  33*%  sodium  hydroxide 
solution.  After  separation  of  the  ethereal  layer  the  aqueous  layer  was  salted  out  with  potassium  carbonate  and  again 
extracted  with  ether.  After  drying  the  ethereal  solution  and  removal  of  the  solvent,  die  residue  was  thrice  distilled 
in  vacuum.  The  ethyl  ester  of  0-aminodecanoic  acid  is  an  oily,  viscous  liquid  with  b.p.  151-153*  at  20  mm. 

Weight  2.9  g. 

5.152  mg  substance:  12,45  mg  CO^;  5,171  mg  H2O.  Found  *70:  C  C5,95;  H  11.23.  C]2H2tO^N.  Calculated 

<7o:  66.91;  H  11.7. 

Ethyl  0 -aminoundecanoate:  was  prepared  by  the  same  method.  From  6  g  0-aminoundecanoic  acid  was  ob¬ 
tained  4.8  g  of  the  ethyl  ester.  After  three  distillations  ithad  b.p.  164-167*  at  20  mm. 

4.289  mg  substance:  10,612  mg  CO^;  4.459  mg  H2O.  Found  *70:  C  67.52;  H  11.63.  CisH270iN.  Calculated 

*7^:  C  68.05;  H  11.87. 

Ethyl  0 -aminolaurate  was  prepared  by  the  same  procedure.  From  6.6  g  0-aminolauric  acid  was  obtained  4.9 
g  of  ethyl  0 -aminolaurate.  After  three  distillations  it  had  b.p.  168-173*  at  20  mm. 

3.840  mg  substance:  9.730  mg  CCfej  3.9S3  mg  HjO.  Found  ^0:  C  69.04;  H  11.53.  Culi.aN.  Calculated  <%: 

C  69.07;  H  12.01.  o  m  is-z 

0 -Aminodecanehydroxamic  acid  hydrochloride.  To  a  40*70  aqueous  solution  of  0.52  g  potassium  hydroxide 
was  added  0.65  g  hydroxylamine  hydrochloride.  The  precipitate  of  potassium  chloride  was  separated  and  to  the 


filtrate  was  added  1  g  ethyl  6  -atninodecanoate  and  a  further  0.52  g  potassium  hydroxide  in  the  form  of  a  4070  aqueous 
solution.  The  mixture  was  vigorously  shaken  until  a  homogeneous  solution  was  obtained.  The  solution  was  acidified 
with  107>  hydrochloric  acid  until  weakly  acid  to  congo.  After  addition  of  30  ml  anhydrous  ethanol  and  separation  of 
the  potassium  chloride,  the  solution  was  concentrated  in  vacuum.  The  residue  in  the  form  of  an  oily  liquid  was 
dried  over  phosphorus  pentoxide  and  crystallized  from  dry  acetone.  Yield  0.5  g.6  -Aminoundecanehydroxamic  acid 
hydrochloride  forms  white  crystals  with  m.  p.  112*,  highly  soluble  in  alcohol,  water,  and  hot  benzene;  insoluble  in 
chloroform  and  ether.  It  gives  a  violet  color  with  iron  chloride. 

6.325  mg  substance:  0.658  N|  (20*,  723  mm).  Found  7o:  N  11.52.  CjjoHjjO^NjCI.  Calculated  7o:  N  11.70. 

6 -Aminoundecanehydroxamic  acid  hydrochloride  was  prepared  by  the  same  method.  From  1  g  ethyl  0  -amino - 
undecanoate  and  0.6  g  hydroxylamine  hydrochloride  in  aqueous  alkali  solution  (0.49  g  KOH)  was  obtained  0.4  g 
0 -aminoundecanehydroxamic  acid  hydrochloride.  After  crystallization  from  acetone  it  had  m.  p.  119-120*  with  de¬ 
composition. 

4.146  mg  substance:  0.394  ml  N2  (19*.  727  mm).  Found  7>:  N  10.69.  C^l^sOiNiCl.  Calculated  7>:  N  11.08. 

0  -Aminolaurichydroxamic  acid  hydrochloride  was  prepared  by  the  same  method.  From  1  g  ethyl  0  -amino - 
laurate  in  aqueous  alkali  solution  (0.46  g  KOH)  and  0.57  g  hydroxylamine  hydrochloride  in  aqueous  alkali  solution 
(0,46  g  KOH)  was  obtained  0.5  g  0 -aminolaurichydroxamic  acid  with  m.  p.  118*  (with  decomposition)  after  crystal¬ 
lization  from  acetone. 

6.507  mg  substance:  0.618  ml  Nj  (29.5*,  731  mm).  Found  7>;  N  10.31.  CuHitO^N^CI.  Calculated  7o:  N  10.49. 

SUMMARY 

1.  Reaction  of  aldehydes  with  malonic  acid  and  alcoholic  ammonia  by  the  method  of  Rodionov  and  Zvorykina 
gave  0  -aminoundecanoic  and  0  -aminolauric  acids. 

2.  The  ethyl  esters  and  the  corresponding  hydroxamic  acids  were  prepared  from  the  above  0  -amino  acids  and 
also  from  0  -aminocapric  acid. 
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THE  REACTION  OF  METHYL  ACRYLATE  WITH 


ORGANOMAGNESIUM  COMPOUNDS 

A.  I.  Lebedeva  and  E.  D.  Vainrub 


In  the  preceding  communication  [1]  it  was  shown  that  reaction  of  isopropyl  magnesium  bromide  with  methyl 
methacrylate  gives,  instead  of  diisopropyl  isopropenyl  carbinol,  mainly  the  dimethyl  ester  of  a.a'- 
dimethyl-a -isobutylglutaric  acid.  In  the  present  research  we  investigated  the  possibility  of  formation  of  vinyl  al¬ 
cohols  by  the  reaction  of  methyl  acrylate  with  isopropyl  magnesium  bromide  and  ethyl  magnesium  bromide. 

Reaction  of  isopropyl  magnesium  bromide  with  methyl  acrylate  gave  two  main  products:  a  liquid  boiling 
at  98-99*  (2  mm)  and  a  crystalline  substance  with  m.p.  167,5-168*,  The  liquid  product  did  not  contain  active  hy¬ 
drogen,  did  not  react  with  semicarbazone  acetate, and  did  not  give  a  qualitative  reaction  for  the  double  bond. 
Determination  of  the  elementary  compositioa  molecular  weight  and  molecular  refraction  showed  that  the  liquid 
product  was  dimethyl  a  -isobutylglutarate  in  an  insufficiently  pure  form.  It  could  not  be  purified  by  distillation. 
Hydrolysis  of  the  ester  with  aqueous  potassium  carbonate  solution  gave  a  crystalline  acid  whose  analytical  data  and 
melting  point  identified  it  as  the  a  -isobutylglutaric  acid  prepared  for  the  first  time  by  Rydon  [2]. 

The  crystalline  product  with  m.p.  167.5-168*  did  not  react  with  methyl  magnesium  iodide  or  with  reagents 
for  the  carbonyl  group,  and  did  not  give  a  qualitative  reaction  for  the  double  bond.  The  percent  content  of  carbon 
and  hydrogen  corresponded  to  the  general  formula  CigH3oOs.  The  neutralization  equivalent  was  296.6.  The  com¬ 
pound  did  not  dissolve  in  benzene,  glacial  acetic  acid,  dioxane  or  water. 

The  percent  content  of  carbon,  hydrogen  and  silver  in  the  silver  salt  corresponded  to  the  formula 

CigHjgPjAg'HiO. 

Ultraviolet  analysis  of  the  alcoholic  solution  of  the  compound  CxgH3o03  revealed  a  sharp  maximum  of  ab¬ 
sorption  at  2940  A.  From  the  paper  of  Temkin  and  Tikhomolova  [3]  we  know  that  such  a  maximum  is  characteristic 
of  ketones  possessing  substituents  in  the  a -position  to  die  carbonyl  group,  for  example  diisopropyl  ketone.  On  boil¬ 
ing,  the  crystalline  compound  with  aqueous  permanganate  solution,  rapid'  decolorization  took  place  with  formation 
of  isovaleric  and  oxalic  acids.  On  the  basis  of  the  foregoing  observations,  we  may  suggest  that  the  crystalline  pro¬ 
duct  is  l,3,5-triisobutylcyclohexane-2,4,6-trione.  A  similar  type  of  compound  has  been  previously  prepared.  Thus, 
Combes [4, 5]heated  butyryl  chloride  with  AICI3  and  obtained  a  compound  with  the  formula  C]2Hxg03  to  which  he  at¬ 
tributed  the  structure  of  trie thylcyclohexanetri one.  On  hydrolysis  of  this  compound  with  25%  KOH  solution  butyrone 
and  butyric  acid  were  obtained.  On  carrying  out  the  hydrolysis  of  triisobutylcyclohexanetrione  under  similar  condi¬ 
tions  we  isolated  diisoamyl  ketone  (isocaprone)  and  isocaproic  acid.  Consequently,  the  reaction  of  isopropyl  mag¬ 
nesium  bromide  with  methyl  acrylate  does  not  lead  to  appreciable  amounts  of  the  tertiary  alcohol,  diisopropylvinyl 
carbinol. 

Petrov  and  Radzhabova  [6]  also  point  out  that  the  action  of  isopropyl  magnesium  bromide  on  methyl  acrylate 
cannot  lead  to  a  tertiary  alcohol;  in  the  subsequent  experiments,  therefore,  we  used  ethyl  magnesium  bromide  in 
place  of  isopropyl  magnesium  bromide.  But  even  in  this  case  diethylvinyl  carbinol  could  not  be  isolated  in  the  pure 
form. 

From  the  mixture  remaining  after  distilling  off  the  ester  were  isolated  two  main  products;  one  with  b.p. 
184-186*  and  the  other  with  b.p.  108-109*  (6  mm).  The  first  product  proved  to  be  dibutyl  ketone,  and  the  second 
dimethyl  a -n-propylglutarate.  Hydrolysis  of  the  ester  gave  a  -n-propylglutaric  acid.  Attempts  to  isolate  in  the 
pure  form  l,3,5-tri-n-propylcyclohexane-2,4,6-trione  did  not  meet  with  success.  In  all  cases  the  decomposition 
of  the  organomagnesium  complex  and  formation  of  the  high-boiling  fractions  under  the  most  diverse  conditions 
gave,  in  place  of  tripropyltricyclohexanetrione,  products  of  hydrolysis  of  the  latter  —  dibutyl  ketone  and  valeric  acid. 

On  the  basis  of  the  foregoing  observations,  die  following  general  scheme  for  the  reaction  of  alkyl  magnesium 
bromides  with  methyl  acrylate  may  be  proposed: 

A.  Usual  reaction  of  formation  of  tertiary  alcohols. 
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B.  CHj^CH-COOCHj  +  RMgBr 


RCH2- CH=C(OMgBr)OCHs 


(I) 

CH2=CH-C00CH3  +  RCH2-CH=C(OMgBr)OCH3-^^  RCH2-CH-Ct%-CH(OMgBr)OCH3— ► 

(II)  COOCH3 


RCI^- CH- CHj- CHj- COOCH3 


COOCH, 


(III) 


C. 


3RCH2C  H=C(  OMgBr)OCHs 


CH, 

CH 

CO 


R-  HjC-  HC\/  CH -CHj  -R. 


CO 


(IV) 


Reaction  course  A  is  not  exclusively  possible.  During  the  course  of  the  reaction  in  direction  B,  addition  of 
the  alkyl  magnesium  bromide  to  methyl  acrylate  takes  place  in  the  1,4-position  with  formation  of  the  magnesium 
bromide  enolate  of  the  ester  of  the  monobasic  acid  (I),  which  reacts  with  a  second  molecule  of  methyl  acrylate 
like  a  tme  organomagnesium  compound  of  the  type  of  RMgBr,  with  formation  of  the  magnesium  bromide  enolate 
of  the  ester  of  the  dibasic  acid  (II);  decomposition  of  the  latter  with  water  gives  the  diimethyl  ester  of  the  substi¬ 
tuted  glutaric  acid  (III),  hydrolysis  of  which  leads  to  the  substituted  glutaric  acid. 

Evidently  there  is  also  a  third  reaction  course  C  in  which  three  molecules  of  (I)  condense  with  formation  of 
a  partial  ketal,  a  substituted  cyclohexantrione  thermal  decomposition  or  hydrolysis  in  mild  conditions  of  which 
gives  the  substituted  cyclohexanetrione  (IV).  We  succeeded  in  isolating  and  completely  characterizing  this  cyclo- 
hexanetrione  with  R  =  isO“C3H7;  with  R  =  C2H5  we  isolated  the  products  of  its  hydrolysis  —  dibutyl  ketone  and  valeric 
acid. 

Addition  of  alkyl  magnesium  halides  to  unsaturated  ketones  and  to  unsaturated  esters  in  the  1,4-position  was 
first  reported  by  Kohler  [7].  On  the  other  hand,  it  was  also  established  that  reaction  of  certain  ketones  with  organo¬ 
magnesium  compounds  does  not  result  in  addition  at  the  carbonyl  group  but  in  enolization  of  the  latter  [8],  the  eno¬ 
late  formed  behaving  like  a  true  Grignard  reagent  of  the  type  of  RMgX  [9].  We  know  from  the  work  of  Kabachnik 
and  Mastryukova  [10]  that  magnesium  enolates,  incapable  of  changing  into  compounds  of  the  RMgX  type,  can  under 
many  coaiditions,  for  example  on  methoxymethylation,  also  form  O-  and  C-derivatives.  According  to  Nesmeyanov 
[11]  the  explanation  of  this  formation  of  two  series  of  derivatives  (in  the  absence  of  tautomerism)  must  be  sought  in 
the  suscepfibilitj  of  molecules  containing  conjugated  bonds  to  "rearrangement  of  the  reaction  center"  in  the  instant 
of  reaction  under  the  influence  of  the  attacking  reactant  and  under  specific  conditions  of  the  reaction  medium. 

The  successive  occurrence  of  two  reactions:  1)  addition  of  alkyl  magnesium  bromide  to  methyl  acrylate 
in  the  1,4-position  with  formation  of  (I);and  2)  reaction  of  (I)  like  a  compound  of  the  RMgX  type  with  a  second 
molecule  of  methyl  acrylate,  may  lead  in  the  case  which  we  have  investigated  to  formation  of  esters  of  substituted 
glutaric  acids  (III). 

EXPERIMENTAL 

Action  of  isopropyl  magnesium  bromide  on  methyl  acrylate 

To  an  ethereal  solution  of  isopropyl  magnesium  bromide,  prepared  from  6  g  magnesium  and  31  g  isopropyl 
bromide  in  150  ml  ether,  was  added  at  0*  11  g  methyl  acrylate  in  150  ml  ether.  The  organomagnesium  complex 
was  decomposed  with  ice-water.  The  ether  layer  was  decanted.  The  residue  was  treated  with  dilute  hydrochloric 
acid,  then  with  ei!:er.  The  ether  extract  was  washed  with  sodium  carbonate  and  with  water  and  added  to  the  main 
ethereal  solution  and  dried  with  Na2SQ4,  The  liquid  (17.7  g)  remaining  after  driving  off  the  ether  boiled  in  the 
range  of  25-150*  (3  mm).  Further  temperature  rise  led  to  separation  in  the  distillation  flask  of  a  crystalline  mat¬ 
erial  (2.0  g).  Fractionation  of  the  liquid  in  a  column  gave  a  fraction  (11.0  g)  with  b.p.  98-99*  (2  mm): 
n”  1.4338,  4®  0.9759. 

0.4275  g  substance;  11.89  g  benzene:  At  0.880*.  Found  M  211.1.  C11H1JO4.  Calculated:  M  216.3. 
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A  mixture  of  11  g  of  the  substance,  200  ml  water  and  20  g  potassium  carbonate  was  boiled  for  16  hours.  To  the 
solution,  with  cooling  and  stirring,  was  added  24  ml  H2SQ4  (1:3).  The  precipiuted  solid  acid  was  extracted  with 
ether  to  give  6.2  g  crystals  with  in.p.  67.5-68*  (from  a  mixture  of  ligroine  and  acetone). 

0,0948  g  sub.:  0.1984  g  CO2:  0.0748  g  H20,2387  g  sub,;  10.00  g  acetic  acid:  At  0.250*.  0,1036  g  sub.:  11.7  ml 
NaOH(T  0,003764).  Found  <70:  C  57.11;  H  8,82;  M  186.1;  neut.  equiv.  94.12.  CjHuQ*.  Calculated  <7):  C  57.40; 

H  8,58;  M  188.2;  neut.  equiv.  94.11. 

0.1676  g  sub.:  0.1612  g  00^;  0.0557  g  H2O;  0,0866  g  Ag.  Found  *7):  C  25.48;  H  3.87;  Ag  51.54,  C9Hi404Ag2  •  1%0. 

Calculated  %  C  25.75;  H  3.87;  Ag  51.39. 

The  analytical  data  agreed  with  the  formula  of  a  -isobutylglutaric  acid  [2].  The  silver  salt  comes  down  with  one 
molecule  of  water  of  crystallization. 

Examination  of  the  crystalline  residue  in  the  distillation  flask.  The  residue  which  came  down  in  the  flask  with 
resin  was  separated  on  a  porous  plate  in  the  form  of  white  lustrous  crystals  with  m.p.  167.5—168*  (from  dilute  alcohol 
or  acetone). 

0.0892  g  sub,:  0,2393  g  CO^;  0.0844  g  H2O,  0.2363  g  sub,:  8,4  ml  KOH  (in  alcohol,  T  0.005321).  Found  <1o: 

C  73.21;  H  10.59;  neut.  equiv,  296.6.  CigH9o03,  Calculated  %:  C73. 43;  H  10.29;  neut,  equiv.  294.5.  0.1261  g  sub.: 
0.2358  g  CO^;  0.0017  g  H2O;  0.0329  g  Ag.  Found  C  51.14;  H  7.26;  Ag  26,09.  CnHjjOsAg-  HjO.  Calculated  %: 

C  51.57;  H  7.46;  Ag  25.72. 

Analysis  of  the  alcoholic  solution  (  concentration  0.0002  M)  in  a  SF*11  spectrophotmeter  gave  an  absorption 
maximum  at  2940  A  (  optical  density  of  solution  1.25). 

Oxidation  of  product  with  m.p.  167.5—168*.  A  mixture  of  4  g  compound  and  400  ml  Ylo  KMn04  solution  was 
put  into  a  three-necked  flask  fitted  with  stirrer,  reflux  condenser  and  thermometer.  The  solution  was  decolorized  by 
boiling  for  0.5  hour.  The  MnO^  was  filtered  off,  washed  with  hot  water  and  extracted  with  ether.  From  the  ethereal 
extract  was  obtained  1,3  g  original  substance  with  m.p.  166—167*.  No  neutral  products  were  detected  in  the  aqueous 
filtrate.  Four  fractions  of  volatile  acids  (0.8  g)  were  obtained  and  analyzed  in  the  form- of  silver  salts. 

1st  fraction,  0.1868  g  sub.:  0.0964  g  Ag  ;  Ag  51.62;  4th  fraction,  0.496  g  sub.:  0.253  g  Ag;  Ag  %  51.00.  The 
2nd  and  3rd  fractions  had  intermediate  contents  of  silver.  CgHgO^Ag.  Calculated  ajo.  Ag  51.62. 

From  the  residue  of  the  salts  was  obtained  an  anilide  with  m.p.  103—  105*.  The  data  agree  with  the  formula  of 
isovaleric  acid.  After  driving  off  the  volatile  acids,  the  solution  was  extracted  with  ether  in  a  Soxhlet  to  give  0.3  g 
oxalic  acid  with  m.p.  187—188*. 

Hydrolysis  of  product  with  m.p.  167.5—168*.  A  mixture  of  4  g  substance,  10  g  KOH  and  30  ml  water  was  boiled 
under  reflux  for  8  hours.  The  neutral  products  were  distilled  with  steam  and  the  distillate  extracted  with  ether.  Re¬ 
moval  of  the  ether  left  2  g  substance  distilling  at  83-84*  (4—5  mm); 

np  1.4259.  dj®  0.8210,  MR^  53.14.  Cji^szO.  Calculated  53.01. 

The  data  agreed  with  diisoamyl  ketone  (isocaprone).  A  se  micarbazone  does  not  come  down.  Analysis  of  the  al¬ 
coholic  solution  (concentration  0.348  M)  in  the  SF-11  spectrophotometer  revealed  an  absorption  maximum  at  28  00  A 
(optical  density  of  solution  1.07),  indicating  the  presence  of  a  carbonyl  group  in  the  compound). 

After  distilling  off  the  neutral  products,  the  solution  was  acidified  with  the  calculated  amount  of  H2SO4.  and 
the  volatile  acids  were  distilled  off  (0.75  g)and  converted  to  their  silver  salts; 

0,2431gsub.;  0.1180  gAg.  Found  “T):  Ag  48.54,  CeHuO^Ag,  Calculated  7o;  Ag  48.38, 

The  data  agreed  with  those  for  isocaproic  acid.  The  solution  remaining  after  distillation  of  die  volatile  acids 
was  extracted  with  ether  in  a  Soxhlet  to  give  1.1  g  of  original  substance  with  m.  p.  163-165*. 

The  foregoing  experiments  lead  to  the  conclusion  that  the  compound  with  m.p.  167.5-168*  is  1,3, 5 -triisobutyl- 
cyclohexane- 2,4,6- trione. 

Action  of  ethyl  magnesium  bromide  on  methyl  acrylate 

The  organomagnesiu  m  synthesis  was  conducted  as  before  using  12  g  Mg,  54  g  ethyl  bromide  and  22  g  methyl 
acrylate  in  the  appropriate  amount  of  ether.  Removal  of  the  ether  left  30  g  product  distilling  at  50*  (30  mm)  -  120* 

(8  mm).  In  the  trap  was  found  2  g  methyl  acrylate.  Repeated  distillation  gave  three  fractions:  1st  130—135*  2.9g;2nd- 
184-186*,  5.0  g;  3rd  108-109*  (6  mm),  6.4  g. Resin  (in  flask)  11  g. 
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Analysis  of  1st  fraction:  0.0720  g  sub,:  9.9  ml  CH4  (15*.  761  mm).  Found  %:  active  H  0.65,  C7H14O  ,  Calcu¬ 
lated  %:  active  H  1.00. 

The  fraction  is  impure  diethylvinyl  carbinol. 

Analysis  of  2nd  fraction:  nf)  1.4205.  0,8281,  43.52,  CjHigO.  Calculated  43,77. 

The  substance  forms  a  semicarbazone  with  m.p.  88~89*(from  dilute  alcohol). 

0.0709  g  sub.:  12.6  ml  Ng  (18*,  779.1  mm).  Found  %:  N  21.10.  C10H21ON3  •  Calculated  %:  N  21.02. 

The  data  correspond  to  dibutyl  ketone  [12]. 

Hydrolysis  of  3rd  fraction.  A  mixture  of  11  g  substance,  10  g  KOH  and  50  ml  alcohol  was  boiled  for  6  hours. 
After  dilution  with  water  and  evaporation  of  the  alcohol,  the  product  was  acidified  with  the  calculated  amount  of 
HjSOg  to  give  5.1  g  acid  with  m.p.  68-69*  (from  water). 

0.1722  g  sub.:  20,4  ml  NaOH  (T  0.003875).  Found:  Neut.  equiv.  87.14.  C|Hi4Q4-  Calculated  neut.  equiv. 
87.10.0.2139  g  sub.:  0.1186  g  Ag.  Found  %.  Ag  55.44.  CgHijOgAgg.  Calculated  °lo-.  Ag  55.68. 

The  data  correspond  to  a  -n-propylglutaric  acid  [13].  The  residue  in  the  flask  did  not  crystallize. 

Hydrolysis  of  residue.  A  mixture  of  11  g  resin,  10  g  KOH  and  150  ml  dilute  alcohol  (1:1)  was  boiled  for  6 
hours.  From  the  neutral  products  was  isolated  1.3  g  substance  boiling  at  184-186*.  The  semicarba2X)ne  had  m.p. 
88-89*.  The  data  corresponded  to  dibutyl  ketone.  A  silver  salt  was  prepared  from  the  volatile  acids  which  dis¬ 
tilled  wifri  steam. 

0.1930  g  sub.:  0.0982  g  Ag.  Found  Ag  50.88.  CgHgOjAg.  Calculated ‘^o:  Ag  51.62. 

The  anilide  had  m.p.  59—61*.  The  data  corresponded  to  valeric  acid.  Decomposition  of  the  organomagnesium 
complex  with  saturated  NH4CI  solution  gave  the  same  results. 

SUMMARY 

1.  The  reactions  of  methyl  acrylate  with  ethyl  magnesium  bromide  and  isopropyl  magnesium  bromide  were 
studied. 

2.  It  was  shown  that  the  reaction  proceeds  simultaneously  in  several  directions.  There  are  formed,  together 
with  a  small  amount  of  tertiary  olefinic  alcohols,  dimethyl  esters  of  a  -substituted  glutaric  acids  —  dimethyl  a  -pro- 
pylglutarate  and  dimethyl  a  -isobutylglutarate,  which  on  hydrolysis  give  a  -  propyl glutaric  and  a  -isobutylglutaric  acid. 

3.  Formation  of  dimethyl  esters  of  a  -substituted  glutaric  acids  can  be  attributed  to  the  addition  of  alkyl  mag¬ 
nesium  bromide  to  methyl  acrylate  in  the  1,4-position  with  formation  of  the  enolate  of  the  ester  of  a  monobasic  acid, 
and  to  the  subsequent  addition  of  the  resultant  enolate,  in  the  form  of  a  compound  of  the  RMgBr  type,  to  a  second 
molecule  of  methyl  acrylate,  again  in  the  1.4-j)osition.  with  formation  of  the  enolate  of  the  ester  of  a  dibasic  acid. 

4.  Condensation  of  three  molecules  of  ester  enolate  gives  partial  ketals  of  substituted  derivatives  of  cyclo- 
hexanetrione  which,  on  thermal  decomposition  or  hydrolysis,  give  substituted  derivatives  of  cyclohexanetrione. 

5.  1,  3,  5-Triisobutylcyclohexane-2,4i6-trione  was  isolated  and  characterized.  Instead  of  1,3, 5- tri-n- propyl- 
cyclohexane-2, 4,6-trione,  the  prod uctsrof its  hydrolysis  —  dibutyl  ketone  and  valeric  acid  —were  isolated. 
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OXIDATION  OF  V I N Y L A C ET Y L E NI C  HYDROCARBONS  WITH 


ORGANIC  HYDROPEROXIDES 

II,  OXIDATION  OF  l-PHENYLETHYNYLCYCLOHEXENE-l  WITH  ACETYL  HYDROPEROXIDE 
N.  M.  Malenok  and  S.  D.  Kulkina 


Several  authors  have  studied  the  chemical  transformations  of  oxides  of  cyclopentene  fl],  cyclohexene  [2], 
and  oxides  of  cyclohexenes  containing  various  hydrocarbon  radicals:  methyl  [3],  phenyl  [41  methylphenyl  [51  etc. 

In  the  present  research  we  studied  the  oxide  of  1-phenyIethynyIcycIohexene-l  (III).  It  was  synthesized  by 
lotsich's  method:  phenylacetylene  and  cyclohexanone  gave  the  alcohol,  l-phenylethynylcyclohexan-l-bl(l),  which 
was  dehydrated  with  potassium  bisulfate '  to  the  unsaturated  hydrocarbon,  1-phenylethynylcyclohexene-l  (II);  this 
unsaturated  hydrocarbon  was  oxidized  with  75%  acetyl  hydroperoxide  to  form  the  oxide  (III). 

Treatment  of  the  oxide  with  acetic  acid  gives  the  partial  acetate,  l-phenylethynyl-2-acetoxy-l-cyclohexanol 
(IV),  which,  on  saponification,  with  saturated  aqueous  sodium  carbonate,  forms  the  glycol,  l-phenylethynyl-cyclo- 
hexane-1, 2-diol  (V).  The  acetylenic  glycol  was  also  obtained  by  us  by  the  action  of  water  on  the  oxide. 
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The  acetylenic  oxide  was  subjected  to  hydration  by  Kucherov's  method.  This  reaction  led  to  the  unsaturated 
ketone,  A^'®-cyclohexylidene-acetophenone(VIII)  which  decolorizes  bromine  in  chloroform,  gives  a  positive  reaction 
for  carbonyl  group  with  2,4-dinitrophenyIhydrazine,  and  does  not  manifest  the  presence  of  a  hydroxyl  group  with  meth 
yl  magnesium  iodide. 

The  formation  of  the  unsaturated  ketone  apparently  proceeds  in  the  following  way:  treatment  of  the  oxide 
with  mercuric  sulfate  solution  results  in  additionof  two  molecules  of  water  —  one  at  the  place  of  rupture  of  the  oxide 
ring  and  tlie  other  at  the  acetylenic  bond.  At  first  a  ketoglycol,  1,2-dihydroxycylohexyl-w-acetophenone  (VI),  is 
formed,  and  this  then  loses  a  molecule  of  water  to  give  2-hydroxycyclohexylidene-l-acetophenone  (VII);  the  latter 
on  dehydration  changes  into  A*'*-cyclohexylideneacetophenone  (VIII).  (See  top  of  next  page.) 

We  did  not  isolate  the  two  intermediate  products  (VI  and  VII). 

Simultaneous  hydration  and  dehydration  by  the  Kucherov  reaction  has  also  been  observed  by  other  authors. 
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Thus,  Venus-Danilova  and  co-workers  applied  diis  method  of  hydration  to  1-phenylethynyl-cyclopentan-l-ol  [6] 
and  l-(rfienylethynyl-cyclohexan-l-ol  [7]  and  obtained  Ae  unsaturated  ketones  cyclopentylidene-acetophenone 
and  cyclo'iexylidene-acetoplienone. 


EXPERIMENTAL 


Synthesis  of  1-phenylethynyl-cyclohexan-l-ol.  102  g  phenylacetylene  (b.p.  140-142*  at  731  mm)  was 
condensed  by  lotsich's  method  with  98  g  cyclohexanone  (b.p.  154-155*  at  731  mm);  a  solid  mass  was  obtained 
from  which  by  two  distillations  (b.p.  124-125*  at  0.5  mm)  was  isolated  146  g  (73%)  of  a  crystalline  substance 
with  m.p.  61-62*,  in  agreement  with  the  data  of  lotsich  [8]  who  first  synthesized  this  alcohol. 

Dehydration  of  1-phenylethylnyl-cyclohexan-l-ol  with  potassium  bisulfate.  The  reaction  was  effected 
by  heating  with  fused  KHSO4  and  simultaneous  removal  of  the  water  formed  in  vacuum  at  30*  (40  mm).  Dehy¬ 
dration  of  the  alcohol  was  completed  in  25  minutes,  Yield  of  hydrocarbon,  1-phenylethynyl-cyclohexene-l,  90%. 

B.p.  122-123*  (0.5  mmX  dj®  0.9929,  n^  1.6051.  Pinkney  [9]  reports  b.p.  117-118.5*  (2  mm), 

dj®  0.9391,  n^3  1.6033. 

Oxidation  of  1-phenylethynyl-cyclohexene-l  with  acetyl  hydroperoxide.  To  an  ethereal  solution  of  51.6 
g  of  the  unsaturated  hydrocarbon  cooled  to  —  7*  was  added,  over  a  period  of  2  hours,  75%  acetyl  hydroperoxide 
(diluted  with  ether)  in  the  amount  of  30  g,as  calculated  for  one  atom  of  oxygen  per  double  bond. 

The  temperature  of  the  reaction  onass  was  kept  at  not  hi^er  than  0*.  After  addition  of  the  whole  of  the 
acetyl  hydroperoxide  the  reaction  mixture  was  stood  at  room  temperature.  The  course  of  the  oxidation  in  the 
main  and  control  experiments  was  checked  by  daily  titration  with  0.1  N  Na2S203  solution.  1  ml  of  the  main  and  of 
the  control  solution"  was  diluted  with  water  to  200  ml,and  25  ml  of  each  was  titrated. 

From  the  data  set  forth  we  see  that  oxidaion  of  1-phenylethynyl-cyclohexene-l  by  acetyl  hydroperoxide 
took  place  over  a  period  of  5  days. 

Amount  of  0.1  N  Na2S203  (in  ml)  consumed  in  titration  of  unreacted  acetyl  hydroperoxide: 


1  day 

2  days 

3  days 

4  days 

5  days 

Experiment 

5.55 

1.05 

0.6 

0.4 

0.3 

Control 

5.55 

5.35 

5.0 

4.8 

4.7 

In  the  course  of  this  period  the  control  showed  a  slight  change  of  concentration  of  acetyl  hydroperoxide. 
At  the  end  of  the  period  the  reaction  mixture  was  neutralized  with  10%  NaOH  until  its  reaction  was  neutral.  The 
ether  layer  was  separated,  dried  for  24  hours  with  potassium  carbonate  and  then  filtered.  The  ether  was  driven 
off  and  the  residue  fractionated  in  vacuum.  Two  distillations  gave  46  g(82%)  substance  with  b.p.  144-145.5* 

(1  mm): 

di®  1.0581,  nJJ  1.5774,  MRp  62.05;  calculated  59.19. 

0.1071  g  substance:  0.3338  CO^;  0.0722  g  HjO.  0.1276  g  substance:  0.3979  g  CO2;  0.0830  g  HjO. 

0.2790  g  substance;  23.52  g  benzene:  At  0.315*.  Found  %:  C  85.00,  85.03;  H  7.54,  7.28;  M  193.2. 

CmHmO-  Calculated  %:  C  84.85;  H  7.13;  M  198, 

The  prepared  1-phenylethynyl-cyclohexene-l  oxide  dissolves  readily  in  ethyl  ether,  ethyl  alcohol  and 
chloroform;  it  is  insoluble  in  water. 
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Action  of  acetic  acid  on  1-phenylethynyl-cyclohexene-l  oxide.  5  g  of  the  oxide  was  mixed  with  11.5  g 
glacial  acetic  acid;  the  temperature  rose  to  35*  during  this  operation.  The  mixture  was  refluxed  on  a  water  bath 
for  4  hours  at  50-55*  and  then  boiled  for  2  hours.  The  unreacted  acetic  acid  was  distilled  off  and  the  residual  mass 
was  twice  distilled  to  give  a  remarkably  viscous,  yellow  liquid  with  b.p.  164-166*  (5  mm)  in  amount  of  3.1  g  (48%), 

b.p.  164-166*  (0.5  mm);  n^  1.5538. 

0.1045  g  substance:  0,2854  g  COj;  0.0675  g  HjO.  0,1013  g  substance:  0,2776  g  CO^;  0.0673  g  H20, 

0.1178  g  substance:  10,5  ml  CH4(16*,  753  mm). 

0,2564  g  substance:  23.96  g  benzene:  At  0.218*.  Found  %:  C  74.48,  74.73;  H  7.22,  7,41;  OH  6,38; 

M  251,6,  CieHigOj,  Calculated  %:  C  74.42;  H  7.03;  OH  6,59;  M  258. 

The  data  indicate  that  the  substance  is  the  partial  acetate  of  a  glycol,  l-phenylethynyl-2-acetyloxycyclo- 
hexanol-1.  It  is  soluble  in  ethyl  alcohol,  ethyl  ether,  chloroform  and  benzene.  It  does  not  crystallize  after  sunfl- 
ing  for  45  days. 

Hydrolysis  of  1-phenylethylnyl-cyclohexene-l  oxide.  6.7  g  oxide  was  hydrolyzed  witii  40  ml  water  con¬ 
taining  a  trace  of  sulfuric  acid  with  continuous  shaking  and  heating  on  a  water  bath  at  50*  for  3  hours. 

A  viscous  mass  which  adhered  to  the  walls  of  the  flask  was  formed.  It  was  extracted  with  ether,  washed 
with  aqueous  sodium  carbonate  solution  and  with  water, and  then  dried  for  a  day  with  sodium  sulfate.  The  ether 
was  driven  off  to  leave  a  residue  with  a  very  high  viscosity  and  a  honey-like  odor  which  did  not  distil  in  vacuum. 
The  compound  could  not  be  crystallized  from  ethyl  ether,  ethyl  alcohol,  or  benzene,  nor  did  it  crystallize  after 
prolonged  standing  (40  days).  Only  after  introductioniof  a  crystal  of  the  same  substance,  prepared  by  hydrolysis 
of  the  partial  acetate  of  the  glycol  with  saturated  sodium  carbonate  solution,  did  it  crystallize  ra]Mdly.  The  crys¬ 
talline  product  was  purified  by  dissolving  it  in  ethanol  and  precipitating  with  water.  After  three  repetitions  of 
this  operation,  filamentous  crystals  were  obtained  with  m.p.  82.5-83*, which  did  not  give  a  depression  in  a  mixed 
test  with  the  crystals  obtained  by  hydrolysis  of  the  partial  acetate. 

0.1067  g  substance:  0.3027  g  COg;  0.0708  g  HjO.  0.1120  g  substance:  0.3191  g  CO^;  0,0741  g  HjO. 

0.0880  g  substance:  17.5  ml  CH^  (16*,  751  mm).  0.1868  g  substance;  15.78  g  benzene;  At  0.27*. 

Found  %:  C  77.37,  77.70;  H  7.42,  7.41;  OH  14.18;  M  224.4.  C^HieOj.  Calculated  %:  C  77.78; 

H  7.42;  OH  15.74;  M  216. 

The  substance  analyzed  is  a  glycol  —  1  phenylethynyl-cyclohexane-l,2-diol -readily  soluble  in  the  above- 
mentioned  solvents  for  the  partial  acetate  of  the  glycol. 

Hydration  of  1-phenylethynyl-cyclohexene-l  oxide  by  Kucherov's  method.  To  10  g  oxide  was  added,  with 
good  stirring  and  cooling  to  0*,  30  ml  of  a  solution  of  HgSOii  (3.5  g  HgSQi,  25  ml  cone.  H2SO4,  75  ml  water);  heat 
was  generated  and  the  mixture  acquired  a  yellow  color  and  became  viscous.  After  20  minutes  the  cooling  was 
stopped.  The  reaction  proceeded  violently  and  was  accompanied  by  crackling  and  marked  temperature  rise.  The 
mass  acquired  a  brown-green  color  and  became  more  mobile.  It  was  extracted  with  ether,  washed  3  times  with 
water  and  dried  for  24  hours  with  sodium  sulfate.  The  ether  was  driven  off  and  from  the  residue  after  two  distilla¬ 
tions  was  isolated  4.5  g  (45%)  mobile  liquid: 

B.p.  125-127*  (0.5  mm),  d|J  1.0890,  1.6092,  MRp  62.97;  calculated  60.13. 

0,0988  g  substance;  0.3073  g  CC\;  0.0644  g  HjO.  0.1169  g  substance:  0.3629  g  CO^;  0.0743  g  HjO. 

0.2837  g  substance;  23.70  g  benzene:  At  0,313.  Found  %;  C  84.78,  84.67;  H  7,29,  7.11;  M  196.2. 

C14H14O.  Calculated  %:  C  84.85;  H  7.13;  M  198. 

The  prepared  unsaturated  ketone,  A*’®“cyclohexylidene-acetophenone,  dissolves  readily  in  ethyl  ether 
and  chloroform,  less  readily  in  ethyl  alcohol,  and  is  insoluble  in  water. 

With  2,4-dinitrophenylhydrazine  it  forms  a  dark-red  resinous  precipitate  which  was  recrystallized  from 
boiling  ethanol  with  addition  of  ethyl  acetate.  After  cooling  a  resinous  precipitate  again  came  down.  It  was 
treated  with  ethyl  ether  and  a  substance  was  thus  obtained  which  melted  in  a  sealed  capillary  at  119-121*. 

0.1012  g  substance:  12.4  ml  Nj  (17.5*.  757.2  mm).  0.1320  g  substance:  16.4  ml  Nj  (17*.  761.5  mm). 

Found  %;  N  14.25,  14.55.  C2oHi,Q4N4.  Calculated  %:  N  14.81. 

The  analysis  agrees  with  the  formula  for  A*’*-cyclohexylidene-acetophenone  2,4-dinitrophenylhydrazone. 

SUMMARY 

1.  Oxidation  of  die  unsaturated  hydrocarbon  1-phenylethynyl-cyclohexene-l  with  acetyl  hydroperoxide 
gave  its  oxide  in  a  yield  of  82  %. 
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2.  With  acetic  acid  the  oxide  forms  the  partial  acetate,  l-phenylethynyl-2-acetyloxy-cyclohexan -l-ol, 
which,  on  hydrolysis,  gives  the  glycol,  l-phenylethynyl“cyclohexane-l,2-diol.  This  glycol  is  also  obtained  by 
the  action  of  water  on  the  oxide. 

3.  Hydration  of  the  oxide  by  Kucherov’s  method  gave  the  unsaturated  ketcxie,  A* **'®”cyclohexylidene“ 
acetophenone. 
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PREPARATION  OF  THE  CYCLIC  HYDRAZIDE  OF  MALEIC  ACID’ 
AND  OF  SOME  OF  ITS  DERIVATIVES 

Yu.  A.  Baskakov  and  N.  N.  Melnikov 


In  recent  years  [1]  the  attention  of  investigators  has  been  attracted  by  the  singular  physiological  activity 
toward  plants  of  the  cyclic  hydrazide  of  maleic  acid,  the  systematic  name  of  which  is  1,2-dihydropyridazinedione- 
3,6.  In  low  concentrations  (0.01-0.025^70)  it  retards  the  flowering  of  various  plants  or  even  entirely  prevents  it  [2]; 
in  higher  concentrations  (0.1-0. 2%)  maleic  acid  hydrazide  causes  temporary  stoppage  of  the  growth  of  plants  [IX 
which  property  is  exploited  for  delaying  the  germination  of  fruits  and  potatoes  during  storage  over  long  periods  [3-5]. 
It  has  been  proposed  to  employ  maleic  acid  hydrazide  for  treatment  of  lawns  in  place  of  mechanical  cutting  [6]. 
Depending  upon  the  concentration  of  the  preparation  employed,  the  retardation  of  plant  growth  is  effective  over  a 
longer  or  shorter  period.  Normally  a  consumption  of  8-10  kg  per  hectare  of  maleic  acid  hydrazide  can  serve  for 
combating  certain  weeds  [7].  Great  interest  attaches  to  the  application  of  maleic  acid  hydrazide  for  treatment  of 
lemons  with  the  aim  of  raising  their  frost  resistance  [8]. 

Notwithstanding  the  undoubted  practical  value  of  l,2-dihydropyridazinedione-3,6  in  agriculture,  very  little 
has  been  published  about  its  preparation. 

l,2-Dihydropyridazinedione-3,6  was  first  prepared  in  1895  by  Curtius  [9]  by  reaction  of  hydrazine  hydrate 
with  maleic  anhydride  in  ethanol.  Under  these  conditions,  however,  the  yield  of  l,2-dihydropyridazinedione-3,6 
did  not  exceed  50^,  Curtius''-  method  was  later  studied  by  Arndt,  Loewe  and  Ergener  [10]  but  they  were  unable 
to  effect  an  appreciable  improvement  in  the  yield. 

We  commenced  the  study  of  maleic  acid  hydrazide  as  far  back  as  1950  in  connection  with  its  action  on 
the  physiological  processes  of  plants.  The  publication  in  1952  of  an  American  patent  [11]  on  the  preparation  of 
l,2-dihydropyridazinedione-3,6  by  reaction  between  hydrazine  hydrochloride  and  maleic  anhydride  in  aqueous 
solution  prompted  us  to  accelerate  the  publication  of  t,he  present  communication. 

Our  systematic  study  of  the  reaction  of  hydrazine  hydrate  and  of  hydrazine  salts  (of  organic  and  inorganic 
acids)  with  maleic  anhydride  in  aqueous  solution  showed  that  the  yield  of  l,2-dihydropyridazinedione-3,6  depends 
markedly  on  the  final  pH  of  the  medium.  The  yield  of  l,2-dihydropyridazinedione-3,6  rises  in  an  acid  medium  and 
falls  sharply  if  a  strong  acid  is  absent  from  the  reaction  medium.  Good  yields  of  l,2-dihydropyridazinedione-3,6 
(over  90%)  can  be  obtained  by  starting  both  from  salts  by  hydrazine  with  inorganic  acids,and  from  hydrazine  hy¬ 
drate  with  addition  to  the  reaction  mixture  of  a  small  amount  of  a  strong  acid  or  of  a  salt  of  hydrazine  with  a 
strong  acid.  l,2-Dihydropyridazinedione-3,6  can  even  be  obtained  in  good  yield  by  reaction  with  maleic  anhydride 
of  such  poorly  water-soluble  salts  as  hydrazine  sulfate. 

With  the  objective  of  clarifying  the  mechanism  of  formation  of  1,2-dihydropyridazinedione- 
3,6  and  of  verifying  the  general  character  of  the  dependence  which  we  had  discovered,  we  studied  the  reaction  of 
hydrazine  and  of  phenylhydrazine  not  only  with  maleic  anhydride  but  also  with  the  anhydrides  of  chloro-,  dichloro-, 
bromo-  and  dibromomaleic  acids,and  with  citraconic  anhydride.  In  all  diese  cases,  die  formation  of  cyclic  hy- 
drazides  of  the  respective  acids  most  easily  proceeds  in  an  acid  medium,  while  the  anhydrides  of  dihalomaleic 
acids  only  give  cyclic  hydrazides  on  heating  with  concentrated  sulfuric  acid. 

The  data  obtained  indicate  the  possible  mechanism  of  formation  of  l,2-dihydropyridazinedione-3,6 
and  its  derivatives.  Formation  of  1.2-dihydropyridazinedione*3,6  apparently  proceeds  in  two  stages:  at  first 
an  acid  hydrazide  is  formed  which  then  cyclizes: 

CH-CO  CHCONHNHi 

!|  \o  +  NHjNI^  - ►-  II 

CH-CO''^  CH-COOH 

The  first  reaction  proceeds  in  the  cold  with  equimolecular  amounts  of  reactants;  the  second  proceeds  with 
heating  of  the  reaction  mixture  in  presence  of  strong  acids  or  of  excess  of  maleic  anhydride.  StrtMig  acids  create 
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a  hi^  hydrogen  ion  concentration  in  the  reaction  mixture,  this  being  necessary  for  suppression  of  the  dissociation 
of  the  maleic  acid  and  the  intermediate  acid  hydrazide.  The  high  hydrogen  ion  concentration  also  catalyzes  the 
cyclization  reaction  with  loss  of  a  molecule  of  water.  In  the  case  of  dihalomaleic  anhydrides,  as  indicated  above, 
cyclization  only  occurs  on  heating  of  the  intermediate  acid  hydrazide  with  concentrated  sulfuric  acid,  since  di" 
halomaleic  acids  are  considerably  stronger  than  maleic  acid  and  a  non-aqueous  medium  is  necessary  for  suppression 
of  dissociation.  Two  isomeric  forms  of  the  phenylhydrazide  of  citraconic  anhydride  can  exist:  1, 2- di  hydro- 2- phenyl- 
4-methylpyridazinedione-3,6  and  l,2-dihydro-l-phenyl-4-methylpyridazinedione-3,6. 

In  our  case  it  is  most  probable  that  l,2-dihydro-2-phenyl-4-methylpyridazinedione-3,6  is  formed  since, 
according  to  Anschutz  [12],  the  acid  phenylhydrazide  of  citraconic  acid  has  the  structure: 

CHjC-COOH 

II 

CH-CONHNHCsHj 

The  chloromaleic  anhydride  required  for  synthesis  of  the  hydrazide  was  prepared  by  direct  chlorination  of 
maleic  anhydride  by  a  slight  modification  of  the  patented  method  [13],  The  chloromaleic  anhydride  obtained  by 
the  latter  method  was  found  to  be  contaminated  with  a  trace  of  maleic  anhydride , from  which  the  chloro  compound 
is  freed  with  difficulty  by  distillation. 

Direct  chlorination  of  chloromaleic  anhydride  also  gave  dichloromaleic  anhydride  in  good  yield,  while  bro- 
mination  of  maleic  anhydride  and  bromomaleic  anhydride  led  to  satisfactory  yields  of  bromo-  and  dibromomaleic 
anhydrides.  These  compounds  are  extremely  difficult  to  prepare  by  the  methods  described  in  the  literature. 

All  the  substituted  dihydropyridazinediones  were  tested  for  inhibition  of  growth  of  shoots  of  wheat,  radish 
and  hemp,and  were  found  to  be  practically  inactive  in  the  concentration  range  of  O.Ol-O.S^o. 

EXPERIMENTAL 

1.  Preparation  of  chloromaleic  anhydride.  A  stream  of  chlorine  was  passed  through  a  mixture  of  196  g 
maleic  anhydride  and  3  g  iron  powder  at  105*.  Chlorination  went  on  for  10  hours,  afta:  which  the  temperature 
of  the  mixture  was  raised  to  190*  and  heating  was  carried  out  at  this  temperature  for  5-6  hours  until  hydrogen 
chloride  ceased  to  come  off.  At  the  end  of  the  reaction  220  g  crude  chloromaleic  anhydride  was  distilled  off 
from  the  reaction  flask  in  the  vacuum  of  a  water  jet  pump.  A  second  distillation  in  vacuum  gave  a  fraction  boil¬ 
ing  at  106-110*  (40  mm)  containing  an  insignificant  amount  of  the  original  maleic  anhydride. 

2.  Preparation  of  dichloromaleic  anhydride.  Chlorination  under  the  above -described  conditions  of  132  g 
chloromaleic  anhydride  in  presence  of  1,5  g  iron  powder  gave  140  g  (84‘^S))  dichloromaleic  anhydride,  m.p.  118* 
after  recrystallization  from  ligroine. 

3.  Preparation  of  bromomaleic  anhydride.  106  g  bromine  was  gradually  added  at  80*  to  a  mixture  of 
98  g  maleic  anhydride  and  1  g  iron  powder  which  was  irradiated  with  a  300-watt  lamp.  After  all  the  bromine 
had  been  added,  the  mixture  was  heated  at  the  same  temperature  and  irradiated  for  another  8  hours,  after  which 
the  temperature  was  raised  to  120-130*.  At  this  temperature  the  mixture  was  heated  for  4  hours,  and  then  the 
reaction  product  was  distilled  in  the  vacuum  of  a  water  jet  pump.  A  fraction  boiling  at  150-152*  (42  mm)  was 
collected.  Yield  120  g  (68%). 

4.  Preparation  of  dibromomaleic  anhydride.  Under  the  above -described  conditions  35,4  g  bromo¬ 
maleic  anhydride.  0.5  g  iron  powder  and  34  g  bromine  gave  35  g  dibromomaleic  anhydride  (68.3%)  with  m.p.  114®. 

5.  Preparation  of  l,2-dihydropyridazinedione-3.6.  Starting  compounds  for  the  preparation  were  salts  of 
hydrazine  with  hydrochloric,  sulfuric  and  oxalic  acids,  hydrazine  hydrate  and  maleic  anhydride.  In  the  latter 
case  the  catalysts  used  were  small  amounts  of  salts  of  sulfuric  or  oxklic  acids  or  hydrazine  hydrochloride. 

In  all  cases  the  yield  of  l,2-dihydropyridazinedione-3,6  was  85-95%. 

The  reaction  was  carried  out  under  the  following  typical  conditions:  To  a  suspension  of  maleic  anhydride 
in  a  small  amount  of  water  was  added  an  aqueous  solution  of  a  hydrazine  salt  (excluding  the  poorly  soluble  hydra¬ 
zine  sulfate  .which  was  added  in  the  form  of  suspension),  and  after  stirring  for  30-40  minutes  the  reaction  mixture 
was  boiled  for  1-3  hours.  On  cooling,  the  l,2-dihydropyridazinedione-3,6  was  filtered  off  and  purified  by  re¬ 
crystallization  from  water. 

6.  Preparation  of  l,2-dihydro-4-chloropyridazinedione-3,6.  The  method  described  for  maleic  hydra¬ 
zide  was  applied  to  a  mixture  of  26.5  g  chloromaleic  anhydride  and  26  g  hydrazine  sulfate  in  100  ml  water. 
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There  was  obtained  26.5  g(90^o)  l,2-dihydro-4-chloropyridazinedione-3,6.  Traces  of  1,2-dihydropyridazinedione- 

3.6  were  removed  by  dissolving  the  crude  reaction  product  in  the  calculated  amount  of  dilute  aqueous  alkali  and 
adding  to  the  solution  of  the  sodium  salts  a  small  amount  of  hydrochloric  acid.  The  precipitated  1,2-dihydro- 
pyridazinedione-3,6  (with  a  trace  of  the  main  product)  was  filtered  off;  the  l,2-dihydro-4-chloropyridazinedione- 

3.6  was  then  brought  down  from  the  mother  liquor  by  acidification  with  hydrochloric  acid.  The  product  was  finally 
purified  by  re  crystallization  from  water.  M.p.  254*  (with  decomposition). 

Found  <7o:  Cl  24.01,  23.68;  M  147.6,  147.3.  Calculated  <70;  Cl  24.21;  M  146.45. 

7.  Preparation  of  l,2-dihydro“4°bromopyridazinedione"3,6.  31  g  l,2-dihydro-4-bromopyridazinedione- 

3,6  was  obtained  by  the  above  method  from  35.4  g  bromomaleic  anhydride  and  26  g  hydrazine  sulfate  in  150  ml 
water.  M.p.  251*  (with  decomp.)  after  recrystallization  from  water. 

Found  %:  Br  41.32,  41.24;  M  192.15.  192.6.  Calculated  Br  41.84;  M  190.9 

8.  Preparation  of  l,2-dihydro-4,5-dichloropyridazinedione-3,6.  33.4  g  dichloromaleic  anhydride,  26  g 
hydrazine  sulfate  and  150  ml  water  were  stirred  in  a  three-necked  flask  at  room  temperature  for  an  hour  .and  then 
with  heating  on  a  boiling  bath  for  2  hours.  After  cooling,  the  precipitate  was  filtered  off,  dried,  and  heated  at 
150*  for  an  hour  with  ten  times  the  weight  (400  g)  of  80%  sulfuric  acid.  At  the  conclusion  of  the  heating,  the  mix¬ 
ture  was  cooled  and  carefully  run,  with  cooling,  into  twice  the  volume  (800-1000  ml)  of  water.  The  precipitate 
was  filtered  and  washed  with  a  little  cold  water.  Yield  25  g  (68  %)  l,2-dihydro-4,5-dichloropyridazinedione-3,6. 
After  recrystallization  from  water  the  substance  had  an  m.p.  of  296*  (with  decomp.). 

Found  %;  Cl  38.46,  38.80;  M  179.0,  179.3.  Calculated  %:  Cl  39.20,  M  180.9. 

9.  Preparation  of  l,2-'dihydrO“4,5-dibromopyridazinedione-3,6.  Using  the  method  described  for  1,2- 
dihydro-4,5-dichloropyridazinedione-3,6,  25.6  g  dibromomaleic  acid  was  reacted  with  13  g  hydrazine  sulfate 
in  100  ml  water  to  give  16  g  (59.2%)  l,2-dihydro-4,5-dibromopyridazinediOTe-3,6.  Two  recrystallizations 
from  a  large  volume  of  water  gave  the  pure  compound  which  darkens  but  does  not  melt  at  330*. 

Found  %:  Br  59.01,  58.81;  M  271.2,  271.5.  Calculated  %:  Br  59.23;  M  269.8. 

10.  Preparation  of  l,2-dihydro-4-methylpyridazinedione-3,6.  From  22.4  g  citraconic  anhydride  and  26  g 
hydrazine  sulfate,  using  the  method  described  for  l,2-dihydropyridazinedione-3,6,  was  obtained  24  g  1,2-dihydro” 
4-methylpyridazinedione-3,6  (95%).  After  recrystallization  from  water  the  compound  melts  at  278*  (with  decomp.) 

Found  M  125.7,  125.2.  Calculated:  M  126.1 

11.  Preparation  of  l,2-dihydro-2-phenylpyridazinedione-3,6.  19.6  g  maleic  anhydride  was  mixed  with 
28.8  g  phenylhydrazine  hydrochloride  in  300  ml  water.  To  the  mixture  was  added  30  ml  cone,  hydrochloric  acid 
and  it  was  then  heated  to  the  boil.  At  first  a  transparent  solution  was  formed,  but  5-10  minutes  after  the  start  of 
heating  an  abundant  precipitate  began  to  come  down.  Heating  was  continued  for  2  hours,  after  which  the  mixture 
was  cooled  and  filtered.  The  precipitate  was  washed  c«i  the  filter  with  cold  water  and  dried.  Yield  30  g  (80%). 
After  recrystallization  from  water  followed  by  treatment  with  activated  carbon  the  pure  substance  was  obtained 
with  m.p.  261*. 

Found  M  190.4,  190.3.  Calculated:  M  188.18. 

12.  Preparation  of  1.2-dihydro-2-phenyl-4-methylpyridazinedione-3,6.  From  16.8  g  citraconic  anhy¬ 
dride  and  21.6  g  phenylhydrazine  hydrochloride  in  250  ml  water  with  addition  of  20  ml  hydrochloric  acid  was 
obtained  25  g  (82.2%)  substance.  After  recrystallization  from  water,  1.2-dihydro-2-phenyl-4-methylpyridazine“ 
dione-3,6  melts  at  192*. 

Found:  M  202.0,  201.4.  Calculated:  M  202.2. 

SUMMARY 

1,  A  study  was  made  of  the  reaction  of  maleic  anhydride  with  hydrazine  salts  and  hydrazine  hydrate, 
using  salts  of  hydrazine  wi;h  strong  acids.  It  was  established  that  l,2-dihydtopyridazinedione-3,6  can  be  obtained 
in  a  yield  of  over  90%  from  maleic  anhydride  and  hydrazine  salts  in  an  aqueous  medium. 

2. ’  Starting  from  derivatives  of  maleic  anhydride, a  similar  method  was  applied  to  the  synthesis  of 

a  series'  of  substituted  cyclic  hydrazides  of  maleic  acid  which  had  not  previously  been  described  in  the  litera¬ 
ture. 
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3.  A  reaction  mechanism  is  advanced  for  the  formation  of  l,2-dihydropyridazinedione~3,6  and  its  analogs 
from  anhydrides  and  hydrazine  salts. 

4.  All  the  synthesized  substituted  l,2‘-dihydropyridazinedi(xie-3,6  were  found  to  be  substantially  inactive 
when  tested  on  shoots  of  wheat,  radish  and  hemp. 
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INVESTIGATIONS  ON  TAUTOMERIC  COMPOUNDS 


XVI.  LABILITY  OF  THE  HYDROGEN  ATOMS  IN  THE  PRODUCTS  OF 
CONDENSATION  OF  PHENYLMETHYLPYRAZOLONE  WITH  KETONES 

A.E.  Porai-Koshits*and  M.S.  Dinaburg 


The  hydrogen  atoms  of  the  methylene  group  of  phenylmethylpyrazolone  are  known  to  possess  high  lability.  It 
appeared  of  interest  to  establish  to  what  extent  this  lability  is  retained  when  the  methy  group  is  separated  fromihe 
heterocycle  but  is  in  the  conjugated  position  to  the  latter. 

With  this  objective  we  made  a  study  of  the  products  of  condensation  of  phenylmethylpyrazolone  with  ketones 
of  the  general  formula  (I)  described  in  the  previous  communication  [1] 


One  of  us  had  previously  shown  [2]  that  as  a  criterion  of  the  lability  of  the  hydrogen  atoms  of  methyl  groups 
we  may  employ  their  ability  to  enter  into  reactions  with  aldehydes,  nitroso  compounds,  and  diazo  compounds;  it 
was  established  at  the  time  that  the  reaction  widi  aldehydes  is  the  most  general  one.  while  compounds  possessing 
extremely  high  activity  of  the  hydrogen  atoms  react  with  diazo  compounds;  it  was  natural,  therefore,  that  we  should 
commence  the  investigation  of  compounds  of  type  (I)  by  studying  their  reactions  with  aldehydes. 

Experiments  show  that  this  reaction  proceeds  on  heating  the  starting  substances  in  alcoholic  solution,  and  in 
many  cases  in  the  cold;  deep  ruby- red  or  violet-red  crystalline  products  are  obtained. 

The  properties  of  the  prepared  compounds,  their  color  and  their  analytical  data  indicate  that  formula  (II) 
should  be  assigned  to  them. 


A  comparison  of  the  course  of  the  reaction  between  aldehydes  and  various  compounds  of  the  type  of  (I)  reveals 
that  the  facility  with  which  the  latter  enter  into  reaction  depends,  under  otherwise  identical  coiditions,  on  the  nature 
of  the  radical  R  entering  the  compound  with  the  ketone  residue.  The  most  active  is  a  derivative  of  m-nitroaceto- 
phenone  (R  =  CjHs'tn-NOj);  the  least  active  is  a  derivative  of  acetone  (R  =  CHj).  The  latter  is  the  compound  with 
the  least  pronounced  acidic  properties,  whereas  in  the  acetophenone  derivative  the  acidic  properties  are  clearly  mani 
fested.  Consequently  we  observe  here  a  well-marked  parallelism  between  the  ability  to  condense  witii  aldehydes  and 
the  acidity  of  the  individual  compounds. 

On  reacting^-fa-m-nitrophenylethylidene]-  and  4-[a  -phenylethylidene]-phenylmethylpyrazolone  with  alde¬ 
hydes,  the  yifeld  of  reaction  products  and  the  reaction  velocity  increase  when  traces  of  piperidine  are  present.  Con¬ 
versely,  on  condensation  of  aldehydes  with  isopropylidene- phenylmethylpyrazolone  the  {»esence  of  piperidine  leads 
to  complete  breakdown  of  the  methyl  derivative,  since  the  latter  is  distinguished  by  instability  in  presence  of  bases. 

It  might  have  been  expected  that  4-isopropylidene -phenylmethylpyrazolone  would  be  capable  of  reacting 
with  aldehydes  through  the  hydrogens  of  both  methyl  groups.  It  was  found,  however,  that  only  one  of  the  methyl 
groups  is  capable  of  reacting  with  aldehydes.  We  may  note  that  a  similar  phenomenon  was  observed  in  a  study  of 
•  Deceased. 
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the  reaction  of  derivatives  of  isoxazolone  [3]  and  dimethylfulvene  with  aldehydes  [4],  It  is  evident  that  due  to  the 
distribution  of  the  influence  of  the  hetero  atoms  of  the  ring  between  two  methyl  groups,  there  is  a  considerable  lower¬ 
ing  of  the  activity  of  the  hydrogen  atoms  in  the  methyl  groups,  and  possibly  even  complete  inactivation  of  one  of 
them. 

One  of  the  authors  in  collaboration  with  Khromov  [5]  has  shown,  with  reference  to  isoxazolone  derivatives, 
that  in  a  number  of  cases  the  action  of  aldehydes  is  accompanied  by  displacement  of  the  ketone  residue  by  the  alde¬ 
hyde  with  formation  of  the  corresponding  arylidene  derivatives  of  isoxazolone.  We  did  not  observe  the  analogous 
reaction  of  displacement  of  ketones  from  the  products  of  their  condensation  with  phenylmethylpyrazolone  even  in 
the  case  of  the  least  stable  compound  — isopropylidene-phenylmethylpyrazolone. 

As  already  mentioned,  the  products  of  condensation  of  aldehydes  with  substances  of  the  type  of  (I)  which  we 
obtained  are  deeply  colored.  We  thought  it  would  be  interesting  to  com  pare  the  depth  of  their  color  with  that  of 
arylidene  derivatives  of  phenylmethylpyrazolone  not  containing  the  dimethyl  grouping.  With  this  objective  we 
determined  their  absorption  spectra,  which  are  shown  in  the  diagram.  The  curves  show  that  introduction  of  the  di¬ 
methyl  grouping  into  an  arylidene  derivative  considerably  shifts  the  absorption  maximum  in  the  direction  of  longer 
waves  (compare  Curves  1  and  3  in  the  figure). 

In'  addition  to  the  absorption  in  the  visible  region 
of  the  spectrum,  intense  absorption  is  also  observed  in 
the  ultraviolet  with  a  maximum  at  X  =  250  mp,  which 
is  characteristic  both  of  phenylmethylpyrazolone  itself 
and  of  many  of  its  derivatives, 

EXPERIMENTAL 

4-[a  -(o-Nitrostyryl)-ethylidene]- phenylmethylpyra¬ 
zolone.  Prepared  by  4-51hours'  boiling  of  4,28  gisopro-  ’ 
pylidene-phenylmethylpyrazolone  and  3.02  g  o-nitro- 
benzaldehyde  in  15  ml  methanol.  Yield  2.7  g  (38.7*79), 
Brigh^red  needles  (from  benzene), 

0.1681  g  substance:  0.4225  g  CO2;  0.0795  g  H2O;  * 
0.1507  g  substance:  16.4  ml  Nj  (18*.  762  mm). 
Found  *70:  C  68.97.  H  5.23;  N  12,10.  C20H17O3N3. 
Calculated  <1o:  C  69.17;  H  4.89;  N  12.10. 

4-[a  -(p-Nitrostyryl)-ethylidene]-phenylmethylpyra- 
zolone-5.  Prepared  in  a  similar  way  to  the  preceding 
compound  by  5-hours'  boiling.  Yield  18,570.  Violet- 
brown  needles  from  benzene,  m.p.  171-172*. 

0.1074  g  substance:  11.25  ml  N2  (19*.  761  mm). 
Found  7o:  N  12.25.  C20H17O3N3,  Calculated  7°: 

N  12,10. 

4-[a  -(p-Dimethylaminostyryl)-ethylidene]- phenylmethylpyrazolone.  Prepared  in  the  same  way  as  before  by 
6-hours'  boiling.  Yield  26.97>.  m.p.  178*.  Violet-red  needles  (from  a  mixture  of  benzene  and  ligroine). 

• 

0.1431  g  substance:  0.4019  g  CO^;  0.0879  g  H2O.  0.1714  g  substance:  0.4797  g  CO2;  0.1034  g  H2O.  0.1259 

g  substance:  13.2  ml  Nj  (19*,  761  mm).  Found  7>:  C  76.62,  76.30;  H  6.71,  6.70;  N  12.27.  C22H230N3.  Cal- 

culated  %:  C  76.52;  H  6.66;  N  12.17. 

4-[a-(p-Chlorostyryl)-ethylidene]-phenylmethylpyrazolone.  Prepared  by  boiling  2.14  g  isopropylidene- phenyl¬ 
methylpyrazolone,  1.4  g  p-chlorobenzaldehyde  and  10  ml  methanol  for  2^4  hours.  Yield  0.65  g(l9.47>).  Long 
brown-red  needles  from  benzene,  m.p.  154-155*. 

0.1429  g  substance:  10.35  ml  N2  (17*,  755  mm).  Found  7o:  N  8.51.  C20H17ON2CI.  Calculated  7):  N  8.34, 

4-[a  -(p-Dimethylaminostyryl)-benzylidene]-phenylmethylpyrazolone.  5.52  g  phenylethylidene-phenylme- 
thylpyrazolone,  2.98  g  p-dimethylaminobenzaldehyde,  10  ml  methanol  and  2  drops  piperidine  were  boiled  to¬ 
gether.  A  precipitate  appeared  after  30  minutes  Yield  6.0  g  (73.77o).  Lustrous,  nearly  black  needles  (from  alcohol), 
m.p.  210-211*. 

In  the  absence  of  piperidine  the  yield  after  1^^*  hours  was  3,2  g  (39.157o). 


1)4  -[a  -(p-Dimethylaminostyryl)-benzylidene^-phenyl- 
methylpyrazolone;  2)  4-[a  -(p-dimethylaminostyryl)- 
ediylidene]-phenylmethylpyrazolone;  3)  4-dimethyl- 
aminobenzylidene -phenylmethylpyrazolone. 
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0.1600  g  substance:  0.4688  g  COfe;  0.0903  g  H20.  0.1565  g  substance:  13.39  ml  N2  (19*,  761  mm).  0.1745  g 
substance:  15.50  ml  Nj  (19*.  763  mm).  Found  C  79.89;  H  6,26;  N  10.26.;  10.15.  CjtHjsON,.  Calculated 
lox  C  79. rO;  H  6.14;  N  10.30. 

4-[a  -(p-Dimethylaminostyryl)-ben2ylidene]-phenylmethylpyra2olone.  Preparation  as  for  4-[a  -(p-dimethyl- 
aminostyryl)-benzylidene]-phenylmethylpyrazolone.  Yield  63.0%*.  Green  needles  (from  acetoneX  m.p.  167-168*. 

0.1731  g  substance;  0.5035  g  CQj;  0.1091  g  HjO.  0.1311  g  substance:  0.3866  g  CO2;  0.0774  g  H2O.  Found 
%;  C  79.29,  80.46;  H  6.79,  6.55.  C29H29ONJ.  Calculated  %;  C  80.00;  H  6.68. 

4-[a  -(o-Nitrostyryl)-benzylidene]-phenylmethylpyrazolone.  1.38  g  phenylethylidenephenylmethy^syrazolone 
0.76  g  o-nitrobenzaldehyde,  5  ml  methanol  and  1  drop  piperidine  were  boiled  30  minutes.  Yield  1.14  g(55.8%). 

Blue -black  leaflets  from  glacial  acetic  acid  or  acetone,  m.p.  194-195*. 

0.1551  g  substance:  0.4188  g  CO2:  0.0697  g  H2O.  0.1618  g  substance:  0.4344  g  CO2;  0.0754  g  H2O.  0.1567 
g  substance:  14.0  ml  N2  (18*,  762  mm).  0.1027  1  g  substance;  9.4  ml  N2  (19*,  763  mm).  Found  %:  C  73.64, 

73.04;  H  4.88,  5,16;  N  10.44,  10.58.  C25H19OJN3.  Calculated  %:  C  73.25;  H  4.64;  N  10.27. 

4-[a  -(p-Chlorostyryl)-benzylidene]-phenylmethylpyrazolone.  2,76  g  phenylethylldene-phenylmethylpyrazolone, 

1,4  g  p-chlorobenzaldehyde,  1  drop  piperidineand  15ml  methanol  were  boiled  15  minutes.  Yield  1,8  g  (43%). 

Bright-red  needles  from>  acetone,  m.p,  146-147*. 

0.1001  g  substance:  0.0372  g  AgCl.  0.1197  g  substance;  0.0411  g  AgCl.  0.1288  g  substance:  0.0480  g  AgCl. 

Found  %;  Cl  8.43,  9,20,  8.54.  C25H19OCI,  Calculated  %:  Cl  8.90. 

4-[a  -(o,p-Dichlorostyryl)-benzylidene]-phenylmethylpyrazolone.  Prepared  like  the  preceding  compound. 

Yield  67%,  m.p,  155-156*.  Ruby-red  needles  from  acetone. 

0.1653  g  substance:  0.1161  g  AgCl.  0.2046  g  substance:  0.1333  g  AgCl.  Found  %:  Cl  16.27,  16.25. 

C25HigOCl2,  Calculated  %:  Cl  16.39. 

4-[a  -(m-Methoxy-p-hydroxystyryl)-benzylidene]-phenylmethylpyrazolone.  1.38  g  4-(a -phenylethylidene)-  m 

phenylmethylpyrazolone,  0.76  g  4-hydroxy-3-methoxybenzaldehyde,  8  ml  methanol  and  1  drop  piperidine  were  .j 

boiled  12  minutes.  Yield  1.4  g  (68.4%).  Violet-red  leaflets  from  acetic  acid.  m.p.  220-221*.  ‘I 

0.1401  g  substance:  8.5  ml  Ng  (19*,  762  mm).  Found  %:  7.11.  C2gH22P3N2.  Calculated  %:  N  6.83. 

4-[a  -(m-Hydroxystyryl)-benzylidene3-phenylmethylpyrazolone.  Preparation  as  before.  Yield  78.9%.  Violet-  ' 

red  prisms  from  alcohol,  m.p.  215*. 

0.1831  g  substance:  0,5269  g  COfe;  0.0934  g  H2O.  0.1366  g  substance:  8.7  ml  N2  (17*.  748  mm).  0.1820  g 
substance:  11.5  ml  Ng  (17*,  756  mm).  Found  %;  C  78.90;  H  5.57;  N  7.59,  7.40.  C25H2e02l^.  Calculated  %; 

C  78,90)  H  5.26;  N  7.40, 

4-[a  -Styrylbenzylidene]-phenylmethylpyrazolone.  3.12  g  benzaldehyde,  5,52  g  phenylethylidene-phenyl- 
methylpyrazolone,  15  ml  methanol  and  1  drop  piperidine  were  brought  to  the  boil;  the  mass  crystallized  at  once. 

Yield  3,7  g(50,8%).  M.p.  173-174*.  Prisms  from  glacial  acetic  acid. 

0.1313  g  substance:  0.3961  g  CO^;  0.06  90  g  H2O.  0.1470  g  substance:  10.3  ml  N2  (17®,  753  mm).  Found  %: 

C  82.20;  H  5.83;  N  7,82.  C25H20ON2.  Calculated  %:  C  82.41;  H  5.49;  N  7.68. 

4-[a  -(p-Dimethylaminostyryl)-m-nitrobenzylidene]-phenylmethylpyrazolone.  12  g  p-dimethylaminobenzal- 
dehyde,  2,6  g  4-a -(m-nitrophenylethylidene)-phenylmethylpyrazolone,  20  ml  ethyl  alcohol  and  1-2  drops  piperidine 
were  heated  to  the  boil,  when  a  dense  crystalline  precipitate  immediately  came  down.  This  was  filtered  and  the 
filtrate  was  further  heated.  A  fresh  crop  of  crystals  appeared  and  was  filtered  off.  Total  yield  2.3  g  (63%).  Green, 
bronzing  needles  from  aqueous  acetone.  M.p.  150-151*. 

0.1097  g  substance:  0.2878  g  CO^;  0.0566  g  H2O.  0.1297  g  substance:  14.0  ml  Ng  (20*.  760  mm).  Found  %; 

C  71.60;  H  5.80)  N  12.57,  CgtHjgOjN,.  Calculated  %:  C  71,68;  H  5.51;  N  12.38. 

Condensation  of  4-(a -phenylethylidene)-phenylmethylpyrazolone  with  aldehydes  at 
the  ordinary  temperature 

1)  2.76  g  mediyl  derivative.  1.06  g  benzaldehyde,  and  2  drops  piperidine  were  mixed  with  5  ml  methanol 
and  left  to  stand  at  the  ordinary  temperature.  The  solid  quickly  dissolved  and  an  hour  later  crystals  came  down  from 
the  dark-red  solution.  These  were  filtered  after  16  hours,  washed  with  methanol  and  dried.  Yield  2.9  g(79.8%). 

M.p,  173-174*.  Violet-red  prisms  from  acetic  acid,  m.p.  174*. 

2)  Similar  results  were  got  when  the  above-described  reaction  was  carried  out  in  the  absence  of  a  solvent. 
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3)  1.38  g  4-(a -phenylethylidene)-phenylmethylpyrazolone,  0.75  g  p-dimahylaminobenzaldehyde,  2  drops 
piperidine  and  10  ml  methanol  were  stood  for  3  days.  The  precipitated  blue-black  crystals  were  filtered  off,  washed 
with  cold  methanol  and  dried.  Yield  1.89  g  (93%).  M.p.  209-211". 

4)  In  a  similar  manner  the  reactions  with  all  the  above-mentioned  aldehydes  can  be  realized. 

Attempt  to  condense  4-isopropylidene-phenylmethylpyrazolone  with  2  moles  p-dimethylaminobenzaldehyde. 
2.14  g  (0.01  mole)  4-isopropylidene-phenylmethylpyrazolone,  2.98  g  (0.02  mole)  p-dimethylaminobenzaldehyde  and 
10  ml  methanol  were  refluxed  6  hours.  On  cooling,  a  crystalline  {precipitate  came  down;  it  was  filtered  and  washed 
with  cold  alcohol.  One  crystallization  from  75%  ethyl  alcohol  gave  colorless  leaflets,  m.p.  70-72",  identified  as  p- 
dimethylaminobenzaldehyde.  The  dark-colored  mother  liquor  did  not  crystallize  after  separation  of  the  aldehyde. 

It  was  diluted  with  water;  the  oil  which  separated  was  decanted  and  twice  extracted  with  boiling  water.  From  the 
aqueous  layer  was  obtained  a  further  0.37  g  p-dimethylaminobenzaldehyde.  The  oil  did  not  crystallize  in  the 
course  of  a  long  [leriod,  and  only  after  complete  drying -out  of  the  water  present  did  it  form  crystals.  They  were 
pressed  to  remove  oil,  and  formed  small  violet  needles,  m.p.  174-176*  (after  two  crystallizations  from  a  mixture 
of  benzene  and  ligroine). 


SUMMARY 

1.  The  products  of  condensation  of  phenylmethylpyrazolone  with  methylketones  possess  an  extremely  high 
lability  of  the  hydrogen  atoms  in  the  methyl  groups. 

Due  to  the  lability  of  the  hydrogen  atoms  of  the  methyl  groups,  they  are  capable  of  reacting  with  aldehydes, 
forming  deeply  colored  dimetiiyl  derivatives. 

2.  Unlike  the  majority  of  com[>ounds  containing  mobile  hydrogen  atoms,  the  products  of  condensation  of  phenyl¬ 
methylpyrazolone  with  ketones  can  react  widi  aldehydes  even  in  the  cold. 

3.  The  reaction  widi  aldehydes  is  catalyzed  by  piperidine  in  those  cases  when  the  original  methyl  derivative 
is  stable  to  the  action  of  bases. 
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cICKiiilON  OF  CARSON -CARBON  BONDS 


UNDER  THE  INFLUENCE  OF  DIAZO  COMPOUNDS* 

I.  REACTION  OF  SOME  TERTIARY  AMINES  OF  THE  TRIPHENYLMETHANE 
SERIES  WITH  DIAZO  COMPOUNDS 

V.  V.  Perekalin  and  L.  P.  Popova 


In  the  literature  are  described  numerous  cases  of  rupture  of  the  bonds  between  carbon  atoms,  as  well  as 
between  atoms  of  carbon  and  sulfur,  halogens  and  nitrogen,  occurring  under  the  influence  of  diazo  compounds 
in  aromatic  and  more  rarely  in  aliphatic-aromatic  compounds. 

In  this  reaction  the  molecule  reacting  with  the  diazo  compound  is  cleaved,  and  the  diazo  compound 
residue  takes  the  place  of  the  part  of  the  molecule  which  it  displaces  (for  example  sulfo  groups  [1-51  the  bro¬ 
mine  atom  [61  the  azo  group  [71  the  carboxyl  group  [8-121  the  propenyl  residue  [13]  and  the  methylol  group 
[14]).  This  displacement  occurs  when  the  substituent  in  the  molecule  is  in  the  position  at  which  die  diazo 
group  would  have  entered  if  the  substituent  in  question  had  been  absent,  i.e.  during  the  normal  course  of  the 
azo-coupling  reaction;  usually  this  is  the  ortho-  or  para-position  of  the  aromatic  nucleus  in  relation  to  tiie  ;;ri;iips 
promoting  the  reaction  of  azo-coupling  (for  example  ortho  or  para  to  the  dimethylamino  group  or  the  hydroxyl 
group). 

We  have  investigated  the  character  of  the  reaction  with  diazo  compounds  (p-nitrodiazobenzene  and  dia¬ 
zobenzene)  of  some  tertiary  amines  of  the  triphenylmethane  and  diphenylme  thane  series. 

As  a  rule,  when  carrying  out  these  reactions  aqueous  soluticxis  of  the  diazo  compounds  are  added  to  aqueous 
solutions  of  salts  of  the  amines  (addition  is  made  more  rarely  to  their  alcoholic  solutions  or  aqueous  suspensions);  the 
precipitated  azo  dye  (when  the  cleavage  reaction  takes  place)  was  separated  from  the  solution  which  was  either  sub¬ 
jected  to  the  action  of  ftesh  portions  of  diazo  compound  or  else  the  original  amines  and  the  products  of  their  cleavage 
were  isolated  from  it. 

The  simplest  tertiary  amine  of  the  triphenylmethane  series,  4-dimethylaminotriphenylmethane  (I),  was 
cleaved  with  difficulty  when  coupled  in  an  aqueous  alcoholic  medium  with  p-nitrodiazobenzene  and  formed  the 
azo  dye  4-dimethylamino-4' -nitroazobenzene  (II)  from  the  residues  of  dimethylaniline  and  p-nitrodiazobenzene. 

At  the  same  time  the  starting  amine  not  entering  into  the  reaction  separated  out.  The  second  product  of  cleavage— 
diphenylcarbinol  —  was  not  isolated. 


4,4* -Tetramethyldiaminotriphenylme thane  (leuco  base  of  malachite  green)  (III)  was  subjected  to  treatment 
with  1  and  2  moles  of  p-nitrodiazobenzene  and  also  to  stepwise  reaction  with  the  latter:  after  coupling  with  one 
mole  of  diazo  comp>ound  and  removal  of  the  resultant  azo  dye,  the  solution  was  treated  with  a  second  mole  of  p- 
nitrodizobenzene.  In  each  case  scission  of  the  leuco  base  took  place  without  difficulty;  the  products  of  scission 
were  former!  in  wig’;  yield  and  tae  azo  dye  (II)  was  isolated  in  high  yield. 

•  Submitted  at  the  sitting  of  the  Leningrad  Division  of  the  Ivfendeleev  All-Union  Chemical  Society  on  April  9, 
1953;  at  the  same  time  a  communication  on  very  similar  investigation  was  published  by  E.  Ziegler  and  G. 

Snatzke  [15]. 
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Treatment  of  base  (III)  with  1  mole  p-nitrodiazobenzene  caused  partial  scission  with  formation  of  1  mole 
of  azo  dye  (II)  and  benzaldehyde  (isolated  as  the  dimedon  derivative  ),  and  there  remained  the  non-reacted  base 
which  was  oxidized  to  malachite  green. 
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Reaction  of  (III)  with  2  moles  diazo  compound  led  to  its  complete  scission;  2  moles  of  the  azo  dye  (II)  and 
benzaldehyde  were  isolated. 

An  intermediate  product  of  the  scission  of  (III)  was  possibly  4-dimethylaminodiphenylcarbinol  (IV)  which 
reacts  further  with  the  diazo  compound  with  formation  of  azo  dye  (II)  and  benzaldehyde.  The  absence  of  (IV) 
from  the  products  of  scission  of  (III)  may  be  explained  in  two  ways:  1)  carbinol  (IV)  in  an  acidic  medium  is  con¬ 
verted  into  the  original  leuco  base  and  benzaldehyde  * ;  the  rate  of  interaction  of  p-nitrodiazobenzene  with  car¬ 
binol  (IV)  is  higher  than  the  velocity  of  the  reaction  of  p-nitrodiazobenzene  with  the  leuco  base  (III),  However, 
special  experiments  on  the  action  on  (IV)  of  hydrochloric  acid  under  conditions  resembling  those  during  azo¬ 
coupling  (in  the  cold),  and  also  on  heating,  did  not  confirm  the  first  hypothesis:  the  original  carbinol  was  isolated 
quantitatively:  hence  the  second  hypothesis  is  apparently  valid. 


H 


(E) 


4,4',4”-Hexamethyltriaminotriphenylmethane  (leuco  base  of  crystal  violet)  (V)  was  treated  with  1,2  and 
3  moles  of  p-nitrodiazobenzene,  and  was  also  subjected  to  stepwise  treatment  in  succession  with  3  moles  of  the 
diazo  compound. 


Reaction  of  base  (V)  with  1  mole  diazo  compound  causes  partial  scission,  the  products  being  azo  dye  (II) 
and  formic  acid,  while  part  of  the  base  remains  unchanged  and  is  recovered  after  oxidation  to  crystal  violet. 

Action  of  2  moles  diazo  compound  on  (V)  led  to  synthesis  of  2  moles  of  azo  dye  (II)  and  to  formation  of 
4  -dime'thylaminobenzaidehyde  (VII). 


HO 


3(1)  HCOOH 


•  A  similar  conversion,  although  under  more  drastic  conditions,  was  observed  by  A.E.  Porai-Koshits  for  carbinols 
of  the  antipyrine  series  [16]. 
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Reaction  with  3  moles  p-nitrodiazobenzene  resulted  in  complete  scission  with  formation  of  3  moles  azo  dye 
(11)  and  formic  acid. 


TABLE  1 

Yield  of  Azo  Dye  Formed  on  Scission  of  Amines  of  the  Triphenyl- 
methane  Series  with  p-Nitrodiazobenzene 


Amine 


No.  of  Yield  of  azo 

moles  of  p-  dye  (11)  in 
nitrodiazo-  'of  theoretical 
benzene  I 


4-Dimethylaminotriphenylmethane  (1) 
4,4’-Tetramethyldiaminotriphenyl- 
methane  (Ill) 

4,4',4"-Hexamethyltriaminoi.riphenyl 
methane  (V) 


{i 


1 

1 

2 

1 

2 

3 


i  30 
j  99.6 
i  92.8 
I  85.8 
87.0 
I  86.4 


In  the  reaction  of  (V)  with  1  mole 
diazo  compound  the  intermediate  product 
was  4,4'-tetramethyldiamino-diphenylcar- 
binol  (VI);  its  absence  from  the  reaction 
products  may  be  explained  by  die  higher 
velocity  of  its  scission  in  comparison  with 
that  of  the  original  leuco  base.  The  hypo¬ 
thesis  of  disproportionation  of  carbinol  (VI) 
to  base  (V)  and  aldehyde  (VII)  was  not  con¬ 
firmed  experimentally.  Formation  of  (VII) 
during  reaction  of  (V)  with  2  moles  diazo 
compound  is  clear  evidence  of  the  lower 
velocity  of  its  scission  in  comparison  with 
that  of  (VI). 


H 

(CH5)iN 

<1h 

(m) 

The  dyes  malachite  green  and  crystal  violet,  obtained  by  oxidation  of  leuco  bases  (III)  and  (IV),  did  not 
undergo  modifications  under  the  influence  of  different  amounts  of  p-nitrodiazobenzene;  the  positions  of  the  long¬ 
wave  maxima  on  the  absorption  curves  before  and  after  treatment  widi  the  diazo  compounds  were  identical.  The  [ 

p-nitrodiazobenzene  not  entering  into  reaction  was  bound  by  2-naphthol  FTable  2).  Hydrolysis  of  aqueous  solutions  J 

of  the  dyes,  which  could  have  led  to  formation  of  carbinol  bases,  was  inhibited  by  addition  of  weak  hydrochloric 
acid  solutions  of  the  diazo  compounds. 

EXPERIMENTAL 

1.  Reaction  of  4  -  di  me  thy  la  mino  tri  pheny  1  me  th  ane  (I)  [17]  with  p-nitrodiazobenzene 

a)  Scission  did  not  occur  in  aqueous  hydrochloric  acid  solution,  the  original  amine  beiig  quantitatively  recov¬ 
ered;  the  diazo  compound  was  converted  into  an  azo  dye  by  coupling  with  2-naphthol  [18]. 

b)  In  an  alcoholic  medium.  To  a  solution  of  0.29  g  (I)  in  30  ml  ethyl  alcohol  was  added  10  ml  0.1  N  solu¬ 
tion  of  p-nitrodiazobenzene  in  the  course  of  an  hour  at  10-12*.  After  10  hours  the  precipitate  was  filtered;  it  con¬ 
sisted  of  4-dimethylamino-4'-nitroazobenzene  (azo  dye  II).  M.p.  229*;  a  mixed  test  with  an  authentic  specimen 
of  azo  dye  (II)  (m.p.  230*  [19])  gave  m.p.  229*.  Yield  0.8  g  (30^o).  From  the  filtrate,  after  dilution  with  twice  the 
amount  of  water  and  rendering  alkaline  with  25^o  ammonia  solution,  was  isolated  0.13  g  (497o)  of  the  original 
amine.  M.p.  130*. 

2.  Reaction  of  4,  4* -tetramethyldiazminotriphenylmethane  (III)  with  1  mole 
of  p-nitrodiazobenzene. 

a)  Azo  coupling  and  isolation  of  the  azo  dye.  To  a  solution  of  3,3  g  leuco  base  in  200  ml  water  containing 
a  very  slight  excess  of  hydrochloric  acid  (an  excessive  amount  of  hydrochloric  acid  slows  down  the  reaction)  was 
added  100  ml  0,1  N  solution  of  p-nitrodiazobenzene  in  the  course  of  an  hour  with  stirring  at  5-10*.  The  first  few 
drops  of  diazo  solution  imparted  a  red  color  to  the  solution,  and  a  dark-red,  finely  granular  precipitate  gradually 
began  to  come  down;  after  10  hours  the  azo  dye  was  filtered  off.  M.p,  228-229*;  a  mixed  test  with  a  specimen  of 
authentic  azo  dye  (II)  did  not  give  a  depression.  Yield  2.69  g  (99.6‘^). 

b)  Isolation  of  non-reacted  leuco  base  by  oxidation  to  malachite  green.  To  the  filtrate,  acidified  with 
1.6  ml  37*70  hydrochloric  acid  solution  and  0.8  ml  60*70  acetic  acid,  was  added  in  small  portions  at  0*  with  stirring 
1  g  lead  dioxide  mixed  with  10  ml  water;  the  mixture  was  stirred  5  hours  and  then  filtered.  To  the  filtrate  was 
added  0.82  zinc  chloride,  dissolved  in  a  little  water,  and  a  saturated  sodium  chloride  solution.  After  24  hours  the 
malachite  green  in  the  form  of  a  double  salt  was  filtered  off.  Yield  1.3  g  (51.7*70)  dye.  The  positions  of  the  long¬ 
wave  maxima  of  the  absorption  curves  of  the  dye  obtained  by  oxidati(»i  of  the  leuco  base  and  of  malachite  green 
were  identical  (X  618  mp). 
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c)  Isolation  of  benzaldehyde.  The  benzaldehyde  was  distilled  off  with  steam  from  the  filtrate  (after  removal 
of  the  azo  dye)  and  extracted  from  the  distillate  with  ether.  After  removal  of  the  ether  it  was  dissolved  in  10  ml  alco¬ 
hol  and  stirred  with  a  solution  of  1.4  g  dimedon  in  50  ml  50%  aqueous  ethyl  alcohol.  The  solution  was  heated  on  a 
boiling  water  bath  for  30  minutes  and  cooled.  The  dimedon  derivative  of  benzaldehyde  came  down;  m.p.  1&3'',  A 
mixed  test  with  the  authentic  dimedon  derivative  (m.p.  194*  [20])  had  m.p.  193*;yield  0.7g(40%  calculated  on  the 
assumption  that  0.5  mole  leuco  base  had  undergone  scission). 

3.  Reaction  of  (111)  with  2  moles  p- ni tro dia zoben ze ne 

a)  Azo  coupling  and  separation  of  the  dye.  Azo  coupling  was  carried  out  as  described  in  2a. 

To  a  solution  of  leuco  base  was  added  200  ml  0.1  n  p-nitrodiazobenzene  solution;  azo  dye  (II)  came  down. 

M.p.  229*  yield  5  g  (92.8%). 

b)  Separation  of  benzaldehyde.  The  procedure  was  the  same  as  in  2c.  The  dimedon  derivative  had  m.p.  193*  ; 
yield  2.65  g  (75%). 

4.  Reaction  of  4,4*,  4'*  -  hex  a  m  ethy  Itr  ia  mi  no  tr  iphe  nyl  me  thane  (V)  with  1  mole 
of  p-nitrodiazobenzene 

a )  Azo  coupling  and  isolation  of  the  azo  dye.  To  a  solution  of  3.73  g  leuco  base  in  10  ml  10%  hydrochloric 
solution,  diluted  to  200  ml  with  water,  Was  added  100  ml  0.1  N  p-nitrodiazobenzene  solution  at  5-10*  with  stirring 
in  the  course  of  an  hour.  After  10  hours  the  azo  dye  (II)  was  filtered  off.  M.p.  229*  Yield  2.32  g  (85.8%). 

b)  Isolation  of  unreacted  leuco  base  and  qualitative  determination  of  formic  acid.  The  original  leuco  base 
came  down  when  the  filtrate  was  made  alkaline  with  25%  amonia  solution.  M.p.  162.5*;  a  mixed  sample  with  the 
authentic  leuco  base  (m.p.  170*)  melted  at  165*.  Yield  2.28  g  (89.3%)  of  base  (calculated  on  the  assumption  that  0.35 
mole  original  substance  had  reacted).  The  ammoniacal  solution  was  acidified  with  10%  sulfuric  acid  solution  and 
distilled.  Addition  to  the  distillate  of  an  ammoniacal  solution  of  silver  oxide  and  heating  on  a  water  bath  caused 
separation  of  a  black  precipitate  of  metallic  silver. 

c )  Isolation  of  unreacted  leuco  base  by  oxidation  to  crystal  violet.  Addition  was  made  to  the  filtrate,  freed 
from  azo  dye,  of  5  ml  37%  hydrochloric  acid,  after  boiling  15-20  minutes,  cooling  and  filtering,  the  crystal  violet 
was  salted  out  with  sodium  chloride.  After  10  hours  1.66  g  dye  was  filtered  off  (6l7o  calculated  on  the  assumption 
that  0.35  mole  original  leuco  base  had  entered  into  reaction).  The  positions  of  the  long-wave  maxima  of  the  ab¬ 
sorption  curves  of  the  dye  obtained  by  oxidation  of  the  leuco  base  and  of  crystal  violet  were  identical  (X  690  mp). 

5.  Reaction  of  (V)  with  2  moles  p-nitrodiazobenzene 

a)  Azo  coupling  and  isolation  of  the  dye.  Azo  coupling  was  carried  out  as  described  in  2a;  to  a  solution  of 
leuco  base  was  added  200  ml  1  N  p-nitrodiazobenzene  solution  in  the  course  of  3  hours;  yield  of  diazo  dye  (II)  4.7g 
(87%). 

b)  Isolation  of  4-dimethylaminobenzaldehyde  (VII).  1)  In  the  free  state.  Compound  (VII)  was  isolated  from 
the  filtrate  by  treatment  widi  a  few  milliliters  of  25%  ammonia  solution.  M.p.  72*;  a  mixed  test  with  an  authentic 
specimen  of  the  aldehyde  did  not  give  a  depression.  Yield  6.9  g  (61.5%  on  the  assumption  that  0.66  mole  leuco 
base  entered  into  reaction).  2)  In  the  form  of  the  dimedon  derivative.  The  dimedon  derivative  of  4-dimethylamino¬ 
benzaldehyde  was  isolated  from  the  filtrate  (freed  from  azo  dye).  M.p.  192";  a  mixed ttest  with  an  authentic  speci¬ 
men  of  the  dimedon  derivative  [20]  did  not  give  a  depression.  Yield  2.56 g (62%  calculated  for  reaction  of  0.66  mole 
leuco  base). 

6.  Reaction  of  (V)  with  3  moles  p-nitrodiazobenzene 

Azo  coupling  was  effected  as  described  in  4a;  to  a  solution  of  the  leuco  base  was  added  300  ml  0.1  N  p-nitro- 
diazobenzene  solution  in  the  course  of  3  hours;  7.0g(86.4%)  azo  dye  (II)  was  isolated.  Formic  acid  was  detected  in 
the  filtrate  by  the  method  described  in  4b. 

7.  Reaction  of  malachite  green  (oxalic  acid  salt)  with  1  mole  p-nitrodiazobenzene 

4.05  g  dye  was  disolved  at  60-70*  in  300  ml  water,  and  the  solution  was  coded  and  filtered.  To  the  dye  solution 
was  added  100  ml  acidified  p-nitrodiazobenzene  solution  in  the  course  of  an  hour  with  stirring  at  5-10*.  After  10 
hours  the  mixture  was  filtered  to  give  3.5gX86.5%)  of  starting  dye.  The  filtrate,  containing  unreacted  p-nitrodiazo¬ 
benzene,  was  added  to  a  solution  of  1.44  g  2-naphtol  in  100  ml  1%  NaOH  solution;  4-nitro-l-benzeneazo-2“naphthol 
came  down  with  m.p.  250*  (from  benzene);  a  mixed  melting  point  test  with  the  authentic  azo  dye  did  not  give  a  de¬ 
pression. 
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Experiments  in  the  reaction  of  malachite  green  and  crystal  violet  with, respectively, 2  and  1,  and  2  and  3  moles  - 
p-nitrodiazo'oenzenc  prooee.’e  ’  under  analogous  condition:;  and  iheir  results  are  set  forth  in  Table  2, 

TABLE  2 


Reaction  of  malachite  green  and  crystal  violet  with  p-nitrodiazobenzene 


— 

Taken  for  reaction 

Isolated 

Dye 

1  ^y«(g) 

p-Nitro-  - 

original  dye 

4*  -nitro 

-l-benzeneazo-2- 

diazo- 

naphthol 

benzene 

a 

1o  of 

Starting 

dye 

of  theoretical 

(moles) 

Malachite  green 

4.05 

1 

3.5 

86.5 

2.65 

90.4 

4.05 

2 

3.0 

74,1 

5.5 

93.8 

Crystal  violet  J 

4.08 

1 

3.8 

93.1 

2.7 

93.0 

4,08 

2 

3.2 

18  A 

5.2 

88.7 

1 

4.08 

3 

3.2 

18  A 

7.5 

85.7 

The  positions  of  the  long  wave  maxima  of  the  absorption 

curves  of  malachite  green  and  crystal  violet  were 

unchanged  before  and  after  treatment  with  p-nitrodiazobenzene  and  were  respectively  618  and  500  m  p . 

SUMMARY 

1.  It  was  shown  that  tertiary  amines  of  the  triphenylmethane  series  containing  the  dimethylamino  group  in  the 
para -position  to  the  methane  bond  undergo  scission  under  the  influence  of  active  diazo  compounds  so  that  the  carbon- 
carbon  bond  between  the  methane  carbon  atom  and  the  carbon  atoms  of  the  benzene  ring  is  broken. 

2.  It  was  established  that  one  of  the  products  of  scission  (the  dimethylaniline  residue)  is  bound  by  the  diazo  com' 
pound  with  formation  of  an  azo  dye.  while  the  other  separates  in  the  free  state  (benzaldehyde,  4-methylaminobenzal- 
dehyde,  formic  acid), 

3.  The  ease  of  scission  of  the  triphenylmethane  nucleus  increases  with  increasing  number  of  dimethylamino 
groups  (from  one  to  two  and  three). 

4.  The  hypothesis  is  advanced  that  certain  products  of  scission  (4-dimethylamino-diphenylcarbinol  and  4^4’- 
tetramethyldiamino-diphenylcarbinol)  were  not  isolated  because  the  s(>eed  of  their  scission  was  higher  than  that  of 
the  original  amines  (leuco  bases  of  malachite  green  and  crystal  violet). 

5.  It  is  shown  that  malachite  green  and  crystal  violet  differ  from  their  leuco  bases  in  remaining  unchanged  un¬ 
der  the  action  of  diazo  compounds. 

6.  The  susceptibility  to  scission  depends  both  on  the  structure  of  the  amine  and  on  the  activity  of  the  diazo 
compound;  only  active  diazo  compounds.(p-nitrodiazobenzene)  bring  about  cleavage. 


,1 

I 

I 

<■ 
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SCISSION  OF  CARBON-CARBON  BONDS  UNDER  THE  INFLUENCE  OF  DIAZO  COMPOUNDS 


I 


lI.REACTION  OF  SOME  TERTIARY  AMINES  OF  THE  DIPHENYLETHANE 


SERIES  AND  OF  DIMETHYLANIUNE 


DERIVATIVES  WITH  DIAZO  COMPOUNDS 


V.  V.  Perekalin,  L,  P,  Popova  and  T.  I.  Abramovich 

In  the  preceding  communication  [1]  it  was  shown  that  reaction  of  leuco  bases  of  malachite  green  and  crystal  vio¬ 
let  with  p-nitrodiazobenzene  leads  to  derivatives  of  dimethylaniline,  and  that  the  intermediate  products  may  be  4,4’- 
dimethylamino-diphenylmethane  and  4,4*  -tetramethyidiamino-tnphenylmethane. 

In  order  to  obtain  a  more  fundamental  insight  into  the  mechanism  of  the  reation  under  investigation,  a  systematic 
study  has  been  undertaken  of  the  reaction  of  some  tertiary  amines  of  the  diphenyl  me  thane  series  and  of  dimethylaniline 
derivatives  with  p-nitrodiazobenzene  and,  in  some  cases,  with  diazobenzene. 

The  experimental  procedure  was  described  in  the  previous  communication  [1]. 


4-Dimethylamino-diphenyIcarbinol  (I)  (suggested  intermediate  product  of  scission  of  the  leuco  base  of  malachite 
green)  on  coupling  with  1  mole  of  p-nitrodiazobenzene  readily  undergoes  scission  with  formation  of  the  azo  dye  4-di- 
methyIamino-4’-nitroazobenzene  (II)  and  benzaldehyde. 

OH 


(n) 


Scission  of  4-dimethyIamino-diphenyIketone  (III)  proceeds  with  greater  difficulty  than  that  of  carbinol  (I).  Low 
yields  of  the  azo  dye  (II)  and  benzoic  acid  were  obtained,  and  a  small  amount  of  the  unreacted  ketone  was  recovered. 


— ►  (CH,)aN--^  ^NOt ^  ^  ^COOH 

(H) 

4,4-TetramethyldiaminodiphenyImethane  (IV),  as  shown  by  Sharvin  and  Kalyanov  [21  is  cleaved  by  two  moles  of 
p-sulfodiazobenze  with  formation  of  the  azodye  4-dimethyIamino-(4'-suIfo)-diazobenzene  and  formaldehyde. 


A  more  detailed  investigation  of  the  scission  of  amine  (IV)  showed  that  scission  is  incomplete  when  using  1  mole 
of  diazo  compound  (p-nitrodiazobenzene):  the  products  are  1  mole  azo  dye  and  formaldehyde  (collected  in  the  form 
of  the  dimedon  derivative),  and  part  of  the  original  amine  remains  unchanged. 


Under  the  influence  of  two  moles  of  diazo  compound,  amine  (IV)  undergoes  complete  scission  and  forms  2  moles 
azo  dye  and  formaldehyde. 


(CH,)»N 


(S) 


Z(CH3)aN 


Ot-t-HCHO 


The  intermediate  product  of  the  scission  of  (IV)  is  4-dimethylaminobenzyl  alcohol  (VIIIl  which  is  not  detected  among 
the  reaction  products. 
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(CH; 


CHiOH 


(WI) 


apparently  due  to  the  velocity  of  its  scission  being  greater  than  that  of  the  original  amine  (IV). 


4,4'-Tetramethyldiamino-diphenylcarbinol  (V)  (hypothetical  intermediate  product  of  the  scission  of  the  leuco 
base  of  crystal  violetX  as  reported  in  the  literature  [3],  reacts  with  diazo  compounds.  With  1  mole  p-nitrodiazobenzene 
it  forms  1  mole  azo  dye  (II)  and  4-dimethylaminobenzaldehyde  (IX);  with  2  moles  diazo  compound  2  moles  of  azo  dye 
(II)  and  formic  acid  are  formed. 


OH 


H§ 


.nOno^ 


HCOOH 


4,4’ -Tetramethyldiaminodi phenyl  ketone  (VI)  reacts  with  great  difficulty  with  2  moles  of  p-nitiodiazobenzene 
to  give  a  low  yield  of  azo  dye  (II). 

e®  y - V 

y -  J - -  MO  N«N-< _ VnO* 

(CHjXiN-/ _ >"C-<  >-N(CH3)a - aos, 

o 

(IT) 

Attention  should  be  directed  to  the  similarity  in  the  character  of  the  reaction  of  the  leuco  bases  of  malachite 
green  and  crystal  violet  (see  [l])and  of  4,4'-tetramethyldiaminodiphenylmethane  (IV)  with  diazo  compounds: 

1)  1  mole  diazo  compound  cleaves  only  a  part  (0.5  mole)  of  the  original  amount  of  amine  and  forms  1  mole  of 
azo  dye. 

2)  The  carbinol  compounds  (I),  (V)and  (VIII)  are  intermediate  products  of  the  scission  of  these  amines. 

3)  2  moles  diazo  compound  bring  about  complete  scission  of  the  original  amine  so  that  2  moles  of  azo  dye  and 
the  corresponding  aldehydes  are  formed. 


It  is  a  striking  fact  that  4- dimethyl toluidine  (VII)  is  not  cleaved  by  diazo  compounds. 


(m) 

and  can  iiot  undergo  with  them  the  azo-coupling  reaction  in  the  ortho- position  to  the  dimethylamino  group.  • 


Yield  of  Azo  Dye  Formed  by  Scission  of  Amines  of  the  Diphenylmethane  Series  and  of  Some  Derivatives 
of  DimeVthylcniline  by  p-Nitrodiazobenzene. 


Amine  ! 

! 

number  of  Aides 
of  p-nitrodiazo¬ 
benzene 

Yield  of  4-dimethylamino-4'-nitroazo- 
benzene  (II)  (in  %  of  the  theoretical) 

4-Dimethylaminodiphenyl  carbinol  (I)  | 

1 

1 

92.6 

4 -Dimetiiyla minodi {^enyl  ketone  (III) 

1 

95.0 

4.4* -TetramethyldiaminodiphenylmetHane  (IV) 

1 

;  92.0 

2 

1  75.6 

4,4* -Tetramethyldiaminodiphenyl  carbinol  (V) 

1 

95.7 

2 

89.3 

4.4* -Tetrametiiyldiaminodiphenyl  ketone  (VJ)  .  | 

1  2 

35.0 

4 -Dimcthylami nobenzyl  alcohol  (VIII)  i 

i  1  i 

?  74.0 

4-Dimethylamino;.enzuldehyde  (IX) 

!  1  i 

55.0 

-  1/1,1 

•  This  anomalous  behavior  of  amine  (VII)  is  apparently  associated  with  the  property  of  dimethylaniline  and  of  some 

of  its  derivatives  of  coupling  only  in  the  para -position  to  the  dimethylamino  group,  and  requires  special  evaluation. 


>  yield  2,48  g  (927o).  The  filtrate  was  made  alkaline  with  25%  ammonia  solution  to  bring  down  the  aiginal  amine 

L  with  m.p.  87*  in  amount  of  1  g  (78%  on  the  assumption  that  0.5  mole  had  entered  into  reaction).  The  filtrate  after 


removal  of  the  amine  was  distilled  with  steam.  Formaldehyde  was  isolated  from  the  distillate  in  the  form  of  the 
dimedon  derivative  with  m.p.  188*;  a  mixture  with  the  authentic  dimedon  derivative  (m.p.  189*)  had  m.p.  188*. 
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4.  Reaction  of  amine  HV)  with  2  moles  p  -  nit  rodi  a  zobe  n  zen 


Coupling  was  carried  out  as  described  in  section  3  above.  To  a  solution  of  the  amine  was  added  200  ml  0.1  N 
solution  of  p-nitrodiazobenzene.  Azo  dye  (11)  came  down.  M.p.  229*;  yield  4.05  g  (75*70).  The  filtrate  was  steam- 
distilled  and  from  the  distillate  was  isolated  the  dimedon  derivative  of  formaldehyde.  M.p.  189*;  yield  0.5  g  (17*7)). 

5.  Reaction  of  4.4*-tetramethyldiaminodi  phenvlcarbinol  (V)  r71  with  1  mol.^ 

p-nitrodiazobenzene 

To  a  solution  of  2.7  g  carbinol  (V)  in  0.75  ml  10*7>  hydrochloric  acid,  diluted  with  water  to  100  ml,  was  added 
100  ml  0.1  N  p-nitrodiazobeiizene  solution;  after  10  hours  azo  dye  (11)  was  filtered  off.  M.p.  228*;  yield  2.59  g  (95.7*7'X 
Neutralization  of  the  filtrate  with  ammonia  solution  brought  down  4-dimethylaminobenzaldehyde  with  m.p.  72.5*;  no 
depression  in  admixture  with  the  authentic  aldehyde.  Yield  0.3  g  (42*7)). 

6.  Reaction  of  carbinol  (V)  with  2  moles  of  p-nitrodiazobenzene 

Azo  dye  (II)  was  isolated  by  the  procedure  describe  in  Part  5.  M.p.  229*;  yield  4,8  g(89.3*7)).  The  filtrate  was 
neutralized  with  10*7)  NaOH  solution,  acidified  with  10*7)  sulfuric  acid  and  distilled.  Formic  acid  was  detected  in  the 
distillate  by  the  ammoniacal  silver  oxide  test. 

7.  Reaction  of  4,  4*- te  tr  a  me  t  hy  1  di  a  m  inodipheny  1  ketone  (VI)  with  1  moleof 

p-nitrodiazobenzene 

Azo  dye  (II)  separated  after  coupling  2.68  g  ketone  (VI),  dissolved  in  300  ml  eyhyl  alcohol,  with  50  ml  0.2  N 
p-nitrodiazobenzene  solution.  M.p.  228-229*  (after  many  recrystallizations  from  benzene);  yield  1.62  g  (30*7)).  From 
the  filtrate,  diluted  with  300  ml  water  and  made  alkaline  with  25*7)  ammonia  solution,  was  isolated  1.2  g  ketone  (VI) 
(457)  of  the  original  amount).  M.p.  171*;  no  depression  in  mixed  melting  test. 

8.  Reaction  of  ketone  (VI)  with  2  moles  of  p-nitrodiazobenzene 

I 

j  Azo  dye  (II)  was  isolated  with  m.p.  228-229*  (yield  1.62  g;  30*7>)  and  the  original  ketone  with  m.p.  171*  (I.*!  g; 

{  60*7)  of  the  original  amount). 

5 

I  9.  Reaction  of  4- dimethylaminobenzyl  alcohol  (VIII)  (81  with  p-nitrodiazobenzene 

i 

1.51  g  alcohol  (VIII)  was  dissolved  in  5  ml  10*7)  hydrochloric  acid  solution  and  the  volume  made  up  to  50  ml  with 
water;  addition  was  made  of  5  ml  0.2  N  p-nitrodiazobenzene  solution;  after  10  hours  azo  dye  (II)  was  filtered  off.  M.p. 

^  228*;  yield  2  g(74'7)).  From  the  filtrate  was  isolated,by  the  method  of  Part  3,  the  dimedon  derivative  of  formaldehyde 

»  with  m.p.  185-186*;  a  mixture  with  the  authentic  dimedon  derivative  (m.p.  188)  had  m.p.  187*. 

10.  Reaction  of  4- di  me  thyl  ami  nobe  nza  Ideh  vde  (IX)  with  p-nitrodiazobenzene 

To  1.49  g  aldehyde  (IX)  in  3.6  ml  10*7>  hydrochloric  acid  solution  and  100  ml  water  was  added  100  ml  0.1  N  p- 
nitrodiazobenzene  solution  with  stirring  at  10-12*  over  a  period  of  2  hours;  after  10  hours  azo  dye  (II)  was  filtered  off. 
M.p.  227*:  yield  1.92  g  (70.6*7)).  Formic  acid  was  detected  in  the  filtrate  by  the  method  described  in  Part  6. 

SUMMARY 

1.  It  is  shown  that  certain  tertiary  amines  of  the  diphenylmethane  series  andsome  derivatives  of  dimethylaniline 
containing  the  dimethylamino  group  in  the  para-position  to  the  methane  bond  undergo  scission  under  the  influence  of 
active  diazo  compounds  (p-nitrodiazobenzene);  in  this  reaction  the  carbon-carbonbonds  between  die  methane  carbon 
atoms  and  the  carbon  atoms  of  the  benzene  rings  are  ruptured. 

2.  It  was  established  that  one  of  the  products  of  scission  (the  dimethylaniline  residue)  is  bound  by  the  diazo  com¬ 
pound  with  formation  of  an  azo  dye,  while  the  other  product  separates  in  the  free  state  (benzaldehyde,  benzoic  acid, 
formaldehyde,  p-dimethylaminobenzaldehyde,  formic  acid). 

3.  The  presence  of  only  one  dimethylamino  group  in  diphenylmethane  does  not  suffice  for  scission;  introduction 
of  a  second  dimethylamino  group  into  the  other  benzene  ring  markedly  increases  the  susceptibility  to  scission. 

4.  Replacement  of  a  hydrogen  atom  by  a  hydroxyl  group  in  the  methane  residue  does  not  hinder  the  scission  reac¬ 
tion;  conversion  of  the  carbinol  residue  into  carbonyl  hinders  this  reaction. 
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6  -  TETRAHYDROFURANONE  AND  THE  SYNTHESIS  OF  B-ALKYL  AND 
B  -  ARYL TETRA  HYDROFUR A NS 


Yu,  K.  Yuryev,  E.  M.  Lukina  and  I.  K.  Korobitsyna 


Up  to  recent  times  the  preparation  of  B  -alkyl-  or  B  -aryltetrahydrofurans  has  been  a  difficult  problem  because  the 
starting  substances-are  difficultly  accessible  in  each  of  the  two  known  general  methods  of  synthesis  of  these  compounds. 

One  of  these  methods  -  dehydration  of  the  corresponding  1,4-diols  -  was  used  by  Harries  [1]  for  preparation  of  B-  methyl- 
tetrahydrofuran  and  by  Longinov  [2]  for  preparation  of  8 -propyF  and  B-isohexyltetrahydrofuran,  The  second  method-  re¬ 
action  of  B -bromotetrahydrofuran  with  alkyllithiums-  has  been  studied  by  one  of  us  [3]  and  has  been  applied  to  the  prep¬ 
aration  of  B -ethyl-,  B -propyl-  and  g -butyl  tetrahydrofurans  (it  was  impossible  to  obtain  B-methyltetrahydrofuran  by  this 
method). 

In  1952  one  of  use  in  collaboration  with  Korobitsyna  and  Savina  [4]  oxidized  B -hydroxytetrahydrofuran  with  sodium 
bichromate  and  sulfuric  acid  in  ethereal  solution  and  obtained  the  corresponding  ketone  B  -tetrahydrofuranone.  which  could 
serve  as  starting  substance  for  the  orga nomagnesium  synthesis  of  B -alkyl-  and  B -aryltetrahydrofurans.  In  this  connection 
we  have  improved  the  method  for  its  preparation.  A  higher  yield  of  B -tetrahydrofuranone  was  obtained  by  oxidizing  B-hyd- 
roxytetrahydrofuran  with  sodium  bichromate  and  sulfuric  acid  in  aqueous  solution  at  O’,  and  it  was  also  shown  that  it  en¬ 
ters  normally  into  reaction  with  organomagnesium  compounds  to  give  the  corresponding  tertiary  alcohols. 

By  reacting  B -tetrahydrofuranone  with  n-amyl  magnesium  chloride  and  with  phenyl  magnesium  bromide,  we  ob¬ 
tained  good  yields  of  B -hydroxy-B -n-amyl tetrahydrofuran  and  of  B -hydroxy- B-phenyltetrahydrofuran  respectively. 


■R  -  Cs  H,| ,  CsHy 

Consequently  the  reaction  which  we  have  described  between  B- tetrahydrofuranone  and  organomagnesium  com¬ 
pounds  is  a  convenient  general  method  of  synthesis  of  B  -alkyl-  and  B -aryltetrahydrofurans. 

EXPERIMENTAL 

1.  B  -  Tetrahydrofuranone.  88  g  (1  mole)  B -hydroxytetrahydrofuran  (b.p.  81-82*  at  13  mm,  n^®  1,4530,  dj®  1.1036) 
[5]  and  50  ml  water  were  placed  in  a  three -necked  flask  fitted  with  mechanical  stirrer,  dropping  funnel  and  reflux  con¬ 
denser.  Addition  was  made,  with  cooling  with  ice  water  and  stirring,  of  a  solution  (cooled  to  0*)  of  100  g  (0.34  mole) 
sodium  bichromate  in  250  ml  water  and  75  ml  concentrated  sulfuric  acid  at  a  fate  of  2  ml  per  minute.  After  ad¬ 
dition  of  the  whole  of  the  chromic  mixture,  cooling  was  stopped  and  stirring  was  continued  at  room  temperature.  Heat 
was  liberated  by  the  reaction  mass.  The  mixture  was  stirred  for  another  2  hours  (following  fall  of  the  temperature  to 
room  temperature),  left  overnight  and  then  extracted  many  times  with  ether.  The  ethereal  extracts  were  dried  with 
potassium  carbonate. 

Removal  of  the  ether  followed  by  three  fractional  distillations  of  the  residue  gave  24.2  g  B -tetrahydrofuranone: 

B.p.  139-140*  (760  mm);  n”  1.4384;  dj®  1.1124;  MR^  20.21.  C4H60i.  Calculated  MRp  20.12. 

Semicarbazone  (from  alcohol):  m.p.  of  semicarbazone  164.5-165.5*. 

Literature  data:  b.p.  139.4-139.8*  (760  mm);  np  1.4384;  d^®  1,1124;  m.p.  of  semicarbazone  164-165*. 

21.0  g  unchanged  B -hydroxytetrahydrofuran  was  also  isolated.  Consequently  the  yield  of  B -tetrahydrofuranone 
was  28%  of  the  theoretical  calculated  on  the  substance  introduced  into  the  reaction,  and  37%  calculated  on  the  amount 
of  reacted  B -hydroxytetrahydrofuran. 

No  success  attended  attempts  to  prepare  B -tetrahydrofuranone  by  catalytic  dehydrogenation  of  B -hydroxytetra¬ 
hydrofuran  in  presence  of  copper  or  by  oxidation  with  atmosf^eric  oxygen  in  presence  of  copper  oxide. 
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2.  B -Hydroxy-6 -n-amyltetrahydrofuran.  To  an  ethereal  solution  ofn^aniyl  magnesium  chloride,  prepared  from4,9g 
(0.2  mole)  magnesium  in  100  ml  ether  and  21.3  g  n-amyl  chloride,  was  added  (with  cooling  to  -10  to~12*  and  energetic 
stirring)  a  solution  of  17.2  g  (0.2  mole)  6"tetrahydrofuranone  in  20  ml  ether. 

After  removal  of  the  freezing  mixture,  the  reaction  mass  was  stirred  for  2  1/2  hours  at  room  temperature,  heated 
15  minutes  on  a  water  bath,  left  overnight  and  decomposed  with  ice  and  ammonium  chloride.  After  separation  of  the 
ethereal  solution,  the  aqueous  solution  was  repeatedly  extracted  with  ether.  The  combined  ethereal  extracts  were  washed 
with  water  and  dried  with  potassium  carbonate. 

The  ether  was  driven  off  and  the  residue  distilled  twice  to  give  14.5  g  (46%)  6 -hydroxy-6 -n-amyltetrahydro  •• 
furan.  The  latter  is  a  colorless  liquid,  with  odor  of  mushrooms,  highly  soluble  in  ether  and  alcohol. 

B.p.  112-112.5*(3  mm)  ng*  1.4557;  dj®  0.9609;  MRp  44.74.  CgHigOz  Calculated  MRp  44.73. 

Found%  :  C  68.64.  68.47;  H  11.50.  11.55.  CgHjgO.  Calculated  %:  C  68.31;  H  11.47. 

The  number  of  hydroxyl  groups  was  determined  by  the  method  of  Terentyev  and  Kupletskaya  [6]. 

Found%:  OH  10.86,  10.86.  C9H„0(OH).  Calculated^:  OH  10.76. 

6 -Hydroxy-6 -n-amyltetrahydrofuran  has  not  been  described  in  the  literature. 

3.  6  -n-  Amyldihydrofuran.  14  g  6 -hydroxy- 6 -n-amyltetrahydrofuran  was  boiled  1.5  hours  with  0.02  g  iodine, 
and  the  solution  was  then  slowly  distilled  from  a  flask  with  a  small  column. 

After  removal  of  the  water,  the  distillate  was  dried  with  anhydrous  sodium  sulfate  and  fractionated  in  vacuum  to 
give  7  g  6  -n-amyldihydrofuran: 

B.p.  62.5-65.5*  (10  mm)  n^“  1.4530;  d^^®  0.8844;  MRp  42.56.C9HieO.  Calculated  MRp  42.74. 

The  product  of  dehydration  decolorized  bromine  water  and  potassium  permanganate  solution. 

4.  6  -n- Amyltetrahydrofuran.  8.5  g  B-n-amyldihydro furan  was  dissolved  in  10  ml  anhydrous  ethyl  alcohol  and  hydro¬ 
genated  in  presence  of  platinum  oxide  [7]  in  the  cold  with  shaking.  1345  ml  hydrogen  ^NTP)  was  absorbed  (calculated  1518 
ml). 

The  admixed  unsaturated  compound  was  removed  by  treating  the  product  of  hydrogenation  with  a  solution  of  bro¬ 
mine  in  chloroform  under  cooling  until  a  permanent  yellow  color  had  developed.  It  was  then  left  overnight. 

After  driving  off  the  chloroform,  the  residue  was  fractionated  in  vacuum  (over  sodium)  to  give  4.2  g  (49%)  6-n- 
amyltetrahydrofuran  with  the  following  constants: 

B.p.  69-70*  (12  mm)  ng  1.4378;  0.8602;  MRp  43.31.  CgHuO.  Calculated  MRp  43.20. 

Found  %:  C  75.67.  75.60;  H  12.55,  12,52,  CgHuO.  Calculated  %:  C  75.92;  H  12.74. 

6 -n- Amyltetrahydrofuran  is  not  described  in  the  literature. 

5.  6 -Hydroxy- 6 -phenyl tetrahydrofuran.  To  phenyl  magnesium  bromide,  prepared  from  39,2  g  (0.25  mole)  bromo- 
benzene  in  120  ml  ether,  was  added  (with  cooling  to-10  to  -12“  and  with  stirring)  ar  ethereal  solution  of  21,5  g  (0.25 
mole)  6-tetrahydrofuranone.  The  reaction  mass  was  stirred  foi  3.5  hours  at  room  temperature  and  then  left  overnight. 

The  reaction  product  was  isolated  in  the  manner  described  above. 

23.5  g  (57%)  B'hydroxy-  g-j^ienyltetrahydrofuran  was  isolated.  It  is  a  colorless,  slightlyanobile  liquid,  soluble  in 
edier  and  alcohol. 

B.p,  124-124,5*  (3  mm);  ng  1.5548;  dj®  1.1567;  MRp  45.54.  CioHuOfe  ,  Calculated  MRp  45.74. 

Found  %:  C  72.92,  72.93;  H  7.47,  7.46.  CijHuOg.  Calculated  %;  C  73.14;  H  7.30. 

6 -Hydroxy-6-irfienyltetrahydrofuran  has  not  been  described  in  the  literature. 

6.  6 -Rienyldihydrofuran.  18  g  6 -hydroxy-6 -phenyltetrahydrofuran  was  dehydrated  by  boiling  with  iodine  follow¬ 
ed  by  distillatioa  when  the  main  bulk  came  over  at  240-242*  (758  mm).  Vacuum  distillation  gave  13.2  g  (81%)  6  - 
phenyldihydrofuran  with  b.p.  98.5-102*  (5  mm)  and  m.p.  39.5-40“;  honey- like  odor. 

7.  6 -  Phenyltetrahydrofuran.  10  g  6 -phenyldihydrofuran  in  20  ml  anhydrous  alcohol  was  hydrogenated  in  presence 
of  platinum  oxide  in  the  cold  with  shaking.  1410  ml  (NTP)  hydrogen  was  taken  up  (calculated  1540  ml). 
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Two  fractional  distillations  over  sodium  gave  7  g  (70‘55>)  6 -phenyltetrahydrofuran  with  the  following  constants; 
B.p.  81.5-82.5*  (4  mm);  nf^  1.5442;  ($®  1.0448;  MRp  44.78.  CioHi^O.  Calculated  MRd  44.22. 

Found  <70;  C  81.27.  81.19;  H  8.15.  8.32.  CjoHizO.  Calculated C  81.08;  H  8.11. 

8 -Phenyltetrahydrofuran  is  a  colorless,  oily  liquid,  soluble  in  alcohol,  ether  and  acetone;  it  has  not  been  re¬ 
ported  in  the  literature. 

SUMMARY 

The  preparation  of  6 -n-amyltetrahydrofuran  and  of  6 -phenyltetrahydrofuran  (neither  of  which  are  described 
in  the  literature)  showed  that  the  reaction  between  8 -tetrahydrofuranone  and  organomagnesium  compounds  is  a  con¬ 
venient  general  method  of  synthesis  of  6 -alkyl-  and  8-aryltetrahydrofurans. 
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BARBITURIC  ACIDS 


I.  SYNTHESIS  OF  METHYLENE-BIS-5-ALKYLBARBITURIC  ACIDS 
R.  Ya.  Levina  and  N.  N.  Godovikov 


Methylene -biii-barbituric  acid  and  its  homologs  had  not  been  described  in  the  literature  until  recently;  it  was 
only  in  1949  that  Gisling  and  Schwarzenbach  [1]  prepared  methylene-bis-barbituric  acid  by  reduction  of  methyl-bis- 
barbituric  acid  as  well  as  by  the  usual  method  -  the  action  of  urea  on  methylene-bis-malonic  ester  in  presence  of 
sodium  ethoxide. 

In  the  present  research,  a  series  of  previously  undescribed  methylene-bis-5-alkyl-barbituric  acids  (II)  was  syn¬ 
thesized  by  the  action  of  urea  on  methylene-bis-alkylmalonic  esters  (I), 


CXW5OOC .  ^  ^ COOCaH, 

C-CHg.-C 

C^HjOOc/  ^COOCxHs 


/ 

ZCO 

\ 


NHa 


NHa 


CiiKjONCL 


.NH-CO  vj  ^/CO-NH^ 
— ►  CO  <i— CHx”C.  CO 

(H) 


(  where  R  —  CH3,  C2H^  C3H2,  C^Hg 
or  CgHsCHz) 


The  starting  methylene-bis-alkylmalonic  esters  were  prepared  by  reaction  of  primary  halides  with  methylene- 
bis- sodium  malonic  esters: 


1 


xCOOCaHj  yCOOCaHs  .COOCaHy 

CH<  MolC'  RC< 

I  ^COOCaH5  2C»H,OWa  I  ^COOCaHyRRX  I  ^COOCaHy 

CH*  - -  CHa  ^  — ►  CHa 

I  ^COOCaH,  I  .COOCaHy  I  ^COOCaHy 


CH 


COOCaHs 


NaC<[ 


COOCaHy 


RC<^ 

^COOCaHy 


The  yield  of  dialkyl  esters  was  20-40%  of  the  theoretical.  Secondary  products  of  the  reaction, isolated  in  all 
cases,  were  the  corresponding  monoalkylmalonic  esters  (in  yields  of  11  to  40%  of  die  theoretical  calculated  on  the 
methylene-bis-malonic  ester)  and  the  crystalline  polymer  of  methylenemalonic  ester,  first  described  by  N.  D. 
Zelinksy  [2], 

Formation  of  these  substances  may  be  the  result  of  scission  of  the  intermediately  formed  sodium  derivative  of 
the  monoalkylated  methylene-bis-malonic  ester  under  the  action  of  sodium  ethoxide,  with  formation  of  sodium 
ylmalonic  ester  and  methylenemalonic  ester  which  is  later  transformed  into  the  crystalline  polymer  • : 


.eooc^Hy 

NaC 

^COOCaHy 

CH, 
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XOOCjiHy 


TW 


COOC^Hy 


NoCR 

COOCiHy  '^C£X)CaH5 


.COOQiHy  .COOCftHy 
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\ 


Mac 
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COCX:*.Hy 


NlOOCjiHs 


COOCaHy 


NxX^CaHy 


COOCaHs 


‘i 


.1 


•  A  paper  by  Welch  [3]  draws  attention  to  the  possibility  of  such  a  scission.  The  author  considered  that  on  distillation 
in  presence  of  caustic  alkali,  methylene-bis-malonic  ester  itself  is  cleaved  with  formation  of  malonic  ester  and  methyl¬ 
enemalonic  ester. 
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It  should  be  noted  that  when  using  secondary  bromides  (iso-CsHjBr)  or  primary  bromides  with  a  branched  struc¬ 
ture  (iso-C4H9Br;  iso-CsHuBr)  the  reaction  proceeded  only  according  to  the  second  scheme  and  the  main  reaction  pro¬ 
ducts  were  monoalkylmalonic  esters  (yields  up  to  53*5^01  the  theoretical);  dialkylated  methylene-bis-malonic  esters 
were  not  formed. 

Alkylation  of  methylene-bis-malonic  ester  has  been  described  by  Dressel  [4]  but  without  information  about  the 
yields  of  the  alkylation  products  and  their  constants;  his  paper  makes  no  mention  of  the  formation  of  secondary  products 
of  reaction—  monoalkylmalonic  esters  and  the  polymer  of  methylenemalonic  ester. 

EXPERIMENTAL 

Methylene-bis-malonic  ester  was  prepared  in  a  yield  of  60-70%  of  the  theoretical  by  reaction  of  malonic  ester 
with  paraform  in  presence  of  10%  alcoholic  KOH  solution  [3]. 

B.p.  174-175*  (5  mm);  njj  1.4425;  df  1.119  MRp  78.57.  Calculated  MRp  78.08. 

Literature  data  [5]:  b.p.  192*  (12  mm);  d*®  1.116. 

Methylene-bis-malonic  easter  was  characterized  as  the  crystalline  mercury  derivative. 

Mercuration  of  methylene-bis-malonic  ester  (0.01  mole)  with  mercuric  acetate  (0.02  mole)  was  effected  by 
the  method  described  for  mercuration  of  ethyl  malonate  [6].  The  resultant  viscous  oil  was  separated  from  the  aqueous 
layer  and  dissolved  in  dilute  alcohol.  After  addition  of  an  aqueous  solution  of  KCL  ^  white  precipitate  of  the  dichloro- 
mercuri- derivative  came  down.  After  recrystallization  from  a  mixture  of  alcohol  and  acetone  the  methylene-bis- 
chloromercurimalonic  ester  (not  described  in  the  literature)  melted  at  165-167*  with  decomposition. 

8.450  mg  sub.:  6.760  mg  CQj;  2.150  mg  HjO.6.950  mg  sub.;  5.520  mg  COfe;  1.740  mg  HjO.  Found  %:  C  21.83, 
21.68;  H.  2.84,  2.80.  CisH^zO^HfeClz.  Calculated  %  C  21.43;  H  2.76. 

Alkylation  of  methylene-bis-malonic  ester 

To  sodium  ethoxide  (4.6g  Va  in  150  ml  anhydrous  ethyl  alcohol)  was  added  methylene-bis-malonic  ester  (34  g, 

0.1  mole)  in  small  portions,  followed  dropwise  (with  stirring  and  heating  on  a  water  bath)  by  0.3  mole  alkyl  halide 
(RX  =  CHil,  CjHsBr,  CsHyBr,  C4H9Br,  CjHsCF^Cl).  As  soon  as  the  reaction  commenced,  which  was  visible  from  the 
formation  of  a  white  precipitate  of  sodium  halide,  heating  was  stopped  and  only  resumed  after  the  whole  of  the  alkyl 
halide  had  been  added.  The  reaction  mass  was  further  heated  for  several  hours  until  the  alkaline  reaction  (to  litmus) 
had  almost  completely  disappeared.  The  alcohol  was  then  distilled  off  and  water  was  added  to  the  residue;  the  oily 
layer  was  separated;  the  aqueous  layer  was  extracted  3  times  with  ethei;and  the  ether  extracts  added  to  the  oil  layer. 

The  whole  of  the  ethereal  solution  was  washed  with  water  and  dried  with  calcium  chloride;  after  driving  off  the  ether 
the  residual  oil  was  distilled  in  vacuum. 

Below  are  set  forth  the  results  obtained  in  each  alkylation  experiment. 

1.  Methylene-bis-methylmalonic  ester.  Three  main  fractions  were  obtained  from  the  product  of  reaction  be¬ 
tween  methylene-bis-sodium  malonic  ester  and  methyl  bromide  after  fractional  distillation  in  vacuum: 

The  1st  fraction  (2.0  g.  b.p.  78-79*  at  10  mm;  n”  4132),  judging  by  its  constants  was  a  secondary  product  of 
the  reaction—  mmomethylmalonic  ester  (yield  11.5%  of  the  theoretical  calculated  on  the  methylene-bis-malonic 
ester). 

Literature  dae»  [7]:  b.  p.  201.2-201.4*;  n|5'^  1.4137. 

From  the  2nd  fraction  (14.0  g.  b.p.  170-175*  at  10  mm),  after  standing  for  a  week  and  addition  of  a  few  drops 
of  ether,  was  isolated  1,0  g  (5%)  polymer  •  of  methylenemalonic  ester  with  m.p.  156*  (literature  data  [8]:  m.p.  154-156). 
The  oil  remaining  after  removal  of  the  ether  was  unreacted  methylene-bis-malonic  ester  (b.p,  174-175*  at  5  mm:  np 
1 .4430), 

The  third  fraction  was  methylene-bis-methylmalonic  ester,  11.1  g  (30.8%). 

B.  p.  190-191*  (10  mm);  n^  1.4470. 

Literature  data  [4].-  b.p.  191-192*  (12  mm). 

Since  the  close -boiling  original  methylene-bis-malonic  ester  might  have  been  present  as  impurity  in  the  pre¬ 
pared  methylene-bis-methylmalonic  ester,  we  purified  the  latter  by  the  mercuration  reaction. 

*  Methylmalonic  ester  readily  polymerizes  to  a  crystalline  substance  with  m.p.  156*  to  which  is  attributed  the  structure 
of  a  polymer  containing  10-11  structural  units  [9]. 

123^ 


To  the  methylene-bis- methylmalonic  ester  (fraction  boiling  at  190-191*  at  10  mm)  was  added  a  solution  of  mer¬ 
curic  acetate  in  distilled  water.  The  mixture  was  boiled  6  hours,  and  after  cooling  aqueous  KCl  solution  was  run  in;  a 
small  amount  of  white  precipitate  came  down  (methylene-bis-chloromercurimalonic  ester).  The  purified  methylene-bis- 
methylmalonicesterwasextracted  with  ether,  the  ether  was  driven  off,  and  the  dried  residue  was  vacuum- distilled:  b.p. 
198-200*  (17  mm),  np  1.4460. 

2.  Methylene-bis-ethylmalonic  ester.  Two  main  fractions  were  got  by  vacuum  distillation  after  reaction  between 
methylene-bis-sodium  malonic  ester  and  ethyl  bromide: 

1st  fraction  [5.3  g  (30. 5^70):  b.p.  74-75*  at  3  mm;  ifp  1.4152],  judging  by  its  constants,  was  monoethylmalonic 
ester  (literature  data  [10]:  b.p.  77*  at  5  mmj.which  was  identified  by  transformation  into  ethylmalonic  acid  • 

From  the  2nd  fraction  (19  g;  b.p.  164-175*  at  3  mm)  was  isolated  8g(22‘!lt>)  crystalline  methylene-bis-ethyl- 
malonic  ester  with  m.p.  62-63*  after  recrystallization  from  dilute  alcohol  (literature  data  [4]:  m.p.  61*). 

To  the  non- crystallizing  oil  was  added  a  few  drops  of  ether;  by  this  method  it  was  possible  to  separate  1.2  g  (7‘)b) 
of  the  polymer  of  methylenemalonic  ester  with  m.p.  154-1 56t  sparingly  soluble  in  ether.  The  residue  after  removal  of 
the  ether  was  distilled  in  vacuum  at  173-175*(5  mmj  had  np  1.4420,  i.e.  it  was  the  original  methylene-bis-malonic 
ester, 

3.  Methylene-bis- propylmalonic  ester.  Three  fractions  were  collected,  after  two  fractionations,  from  the  product 
of  reaction  of  methylene-bis-malonic  ester  with  propyl  bromide: 

The  1st  fraction  [6.8g(32.37o);  b.p.  114-116*  at  3  mm  and  ifp  1.4198]  was  propylmalonic  ester.  Literature  data 
[12]:  b.p.  222-227*  (750  mm).  Its  hydrolysis  gave  a  70%  yield  of  propylmalonic  acid  with  m.p.  96*  (from  benzene).  Liter¬ 
ature  data  [13]:  m.p.  96*. 

Addition  of  ether  to  the  2nd  fraction  brought  down  2.5  g  polymer  of  methylene  malonic  ester  with  m.p.l54-155T 
The  residue  after  separation  of  the  polymer  was  the  original  methylene-bis-malonic  ester. 

The  3rd  fraction  (17.0  g;  b.p.  206-208*  at  11  mm)  crystallized  completely;  after  recrystallization  from  aqueous 
alcohol,  methylene-bis- propylmalonic  ester  was  obtained  with  m.p.  41-42*.  Yield  40%  of  die  theoretical.  Literature 
data  [4]:  m.p.  41-42*. 

In  this  experiment,  therefore,  in  contrast  to  the  result  of  the  experiment  with  ethyl  bromide,  it  was  possible  to 
isolate  the  product  of  alkylation  of  the  original  methylene-bis-malonic  ester  by  fractional  distillation. 

4.  Methylene-bis- butylmalonic  ester.  Fractional  distillation  of  the  product  of  reaction  between  methylene-bis- 
malonic  ester  and  butyl  bromide  gave  3  fractions: 

The  first  fraction  was  monobutylmalonic  ester,  6.6  g  (30.0%): 

B.  p.  124-128*  (18  mm);  np  1.4229.  Literature  data  [14]:  b.p.  122*  (12  mm);  n^  1.4222. 

Addition  of  ether  to  the  second  fraction  (6.2  g;  b.p.  140-178*  at  5  mm)  brought  down  2.7  g  (15.0%)  polymer  of 
methylmalonic  ester  with  m.p.  155-156*..  The  oil  remaining  after  removal  of  the  ether  was  the  original  methylene-bis- 
malonic  ester  (b.p.  174-175*  at  5  mm;  1^^1.4420). 

Redistillation  of  the  third  fraction  (20.5  g;  b.p.  185-205*  at  5  mm)  gave  14.0  g  (37.4%)  methylene-bis-butylmal- 
onic  ester  in  the  form  of  a  viscous  oil  with  b.p.  198-199*  at  5  mm;  n^  1.4522  (not  described  in  the  literature). 

8.650  mg  sub.:  19.672  mg  COfe;  6.932  mg  H2O.  4.540  mg  sub.:  10.380  mg  CO^;  3.682  mg  HjO.  Found  %:C  62.00, 
62,31;  H  8.96,  9.16.  C1JH40O,.  Calculated  %:  C  62.13;  H  9.06. 

5.  Methylene-bis-benzylmalonic  ester.  Two  fractionations  in  vacuum  of  the  product  of  reaction  between  methyl- 
lene -bis- malonic  ester  and  benzyl  chloride  gave  4  fractions. 

The  first  fraction  (7.8  g)  was  unreacted  benzyl  chloride: 

B.  p.  54-55*  (4  mm);  n^®  1.5408. 

From  the  2nd  fraction(7,8g;  b.p.  145-180*  at  4  mm)  was  isolated  3.5  g  (20%)  polymer  of  mediylenemalonic ester 
with  m.p.  155-156*;  the  residue  was  unchanged  methylene-bis-malonic  ester  with  b.p,  172-175*  (5  mm);  n^  1.4430, 

•  •  Hydrolysis  of  ethylmalonic  ester  was  effected  by  heating  for  3  hours  with  alcoholic  KOHfO.  lg,  10  ml  alcohol ).xThe  al¬ 
cohol  was  driven  off  and  the  residue  dissolved  in  water;  after  3  extractions,  the  aqueous  layer  was  acidified  with  hydro¬ 
chloric  acid;  the  ethylmalonic  acid  formed  was  extracted  with  ether  and  the  edier  was  evanoratedthe  residual  oil  crystal¬ 
lized  after  standing  for  3  days.  Yield  0.5  g  (70  After  recrystr.llization  from  benzene  the  acid  melted  at  110-111*. 
Literature  data  [II]:  m.p,  110-111*. 
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The  third  fraction  ,(15  g;  b.p.  210- 240*  at  4  mm)  apparently  contained,  judging  by  the  boiling  point,  dibenzyl- 
malonic  ester.  Literature  data  [16]:  b.p.  234*  (23  mm). 

Cooling  of  the  4th  fraction  (12.0  g;  b.p.  240-250*  at  4  mm)  with  solid  carbon  dioxide  yielded  8.5  g 
crystals  of  methylene -bis-benzylmalonic  ester  with  m.p.  44*  after  recrystallization  from  aqueous  alcohol. 

Methylene -bis-benzylmalonic  ester  had  not  previously  been  obtained  in  a  crystalline  form  (literature  data  [4]: 
b.p.  200-250*  in  vacuum). 

5.300  mg  sub.:  13.175  mg  CO^;  3.410  mg  1^0.  5.965  mg  sub.:  14.815  mg  COfe;  3.750  mg  HgO.  Found  %:  C  67.83, 
67.77  H  7.20,  7.03.  CzsHjgO,.  Calculated  %:  C  67.95;  H  7.02 

6.  Alkylation  of  methylene-bis- sodium  malonic  ester  with  secondary  halides  and  with  primaryhalides  of  branched 
structure  (isopropyl,  isobutyl  and  isoamyl  bromide,  also  cyclohexyl  chloride)  did  not  lead  to  formation  of  normal  pro¬ 
ducts  of  reaction  —  methylene-bis-alkylmalonic  esters.  In  all  cases  the  main  reaction  was  cleavage  of  the  original 
methylene -bis -malonic  ester:  products  isolated  were  the  corresponding  monoalkylmalonic  esters,  the  crystalline  polymer 
of  methylenemalonic  ester,  and  unreacted  methylene-bis- malonic  ester.  The  constants  and  yields  of  the  monoalkylmal¬ 
onic  esters  and  the  data  in  the  literature  are  set  forth  in  Table  1. 

TABLE  1 

Constants  of  monoalkylmalonic  esters  RCH(COOC2Hs)2 


R 

j  Boiling  point  I 

l  1 

n 

Literature  data 
Boiling  point  i 

„20 

nn 

CsHy-iso 

>  86-88*(5  mm)  1 

1.4190 

64.0  , 

1  1 

211-215* [15]  } 

1.4180  [15] 

C4H9-iso 

101-103  (7  mm) 

1.4282 

64.7  , 

^  118-120  (14  mm)  [16] 

— 

C5Hjj  -iso 

'  133  135  (14  mm) 

1.4243 

58.3 

160-165  (44  mm)  [15] 

1.4254  [15] 

CeHu 

.  134-136  (4  mm) 

1 

1.4340 

18.1 

163-165  (20  mm)  [17]  ' 

i  1 

■ 

Methylene-bis-5-alkylbarbituric  acids 

To  sodium  ethoxide  ( 1.4  g  sodium  in  30  ml  anhydrous  alcohol)  was  added  2.4  g  (0.04  mole)  urea  followed  by 
0.01  mole  methylene-bis-alkylmalonic  ester.  The  reaction  mixture  was  heated  on  an  oil  bath  at  120*  for  18  hours,  af¬ 
ter  which  the  alcohol  was  distilled  off  and  the  residue  dissolved  in  water.  The  aqueous  solution  was  extracted  3  times 
with  ether  and  then  acidified  with  concentrated  hydrochloric  acid  until  it  had  an  acidic  reaction.  The  precipitate  which 
came  down  on  cooling  with  ice  and  salt  was  filtered  off  and  recrystallized  from  aqueous  alcohol.  All  the  prepared  bar¬ 
bituric  acids  are  poorly  soluble  in  water  and  in  organic  solvents. 

When  preparing  methylene -bis-5 -alky Ibarbitunc  acids  containing  butyl  and  benzyl  radicals  there  was  iso¬ 
lated  an  oil  as  well  as  the  crystalline  barbituric  acids.  This  oil  has  not  yet  been  investigated  more  closely. 

The  constants,  yields  and  analytical  data  of  the  methylene-bis-5-alkylbarbituric  acids  and  of  methylene -bis- 
barbituric  acid  itself  are  set  forth  in  Table  2  (see  following  page). 

SUMMARY 

1.  The  alkylation  of  methylene-bis-malonic ester  v<tith  sodium  ethoxide  and  alkyl  halides  was  investigated. 

2.  It  was  established  that  when  employing  in  this  reaction  primary  halides  of  normal  structure,  the  yield  of 
methylene-bis-alkylmalonic  esters  reached  40%  of  the  theoretical,  whereas  when  employing  secondary  halides  or 
primary  halides  of  branched  structure  the  methylene-bis-alkylmalonic  esters  are  not  formed  at  all. 

3.  It  was  shown  that  the  alkylation  of  methylene-bis-sodium  malonic  ester  is  accompanied  by  a  secondary  re¬ 
action  involving  cleavage,  under  the  action  of  sodium  ethoxide,  of  the  intermediately  formed  sodium  derivative  of  the 
monoalkylmethylene-bis-malonic  ester;  the  products  of  this  reaction  are  methylenemalonic  ester  (further  transformed 
into  a  crystalline  polymer)  and  monoalkylmalonic  esters  (yield  from  11  to  40%  when  using  primary  halides  of  normal 
structure  and  58-64%  when  using  secondary  bromides  or  primary  ones  with  a  branched  structure). 

4.  Reaction  of  urea  in  presence  of  sodium  ethoxide  with  the  respective  methylene-bis-alkylmalonic  esters 
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TABLE  2 


Methylene  -bis-  5  -alky  Ibat  bituric  acids 


NH-CQ  R 

/  \1 

CO  )c 

\  / 


NH-cO 


-CHj- 


R  CO-NH 

y  \ 


'‘CO-NH 


.  '  '1 

R 

jp - 

Melting  point 

Yield  (  m  %  of 

N  (in  %) 

theoretical) 

Found 

Calculated 

H* 

Decomposes  without  melting  at 
about  300* 

45.0 

20.41 

2 

CHj 

252-253 

44.8 

18.40 

18.50 

18.9 

3 

C2H5 

364-365 
(with  decomp ,) 

6.17 

17.36 

17.39 

17.29 

4 

C3H7 

358-359 
(with  decomp, ) 

56.2 

15.83 

15.77 

15.89 

5  ^ 

C4H9 

235-238 

25.4 

14,17 

14.42 

14.07 

6 

CsHgCHj 

210-211 

15,3 

12.37 

12,78 

12.49 

*  Gislin^  ,111  ’  'xhwarzenbach  [1]  described  the  preparation  of  methylene-bis-barbituric 
i’.ci'i  ('’  II)  nut  li  ;  not  <Tive  analytical  data. 


gave  the  previously  undescribed  methylene-bis-5-alkylbarbituric  acids  (alkyl  methyl,  ethyl,  propyl  and  butyl;  the 
benzyl  radical  can  also  be  introduced  in  the  same  wavi 
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THE  REACTION  OF  N -(  2,  5  -  DI C  H  L  O  ROP  HE  N  Y  L )  -  OX  A  Z  OL  ID  IN  E  WITH  FORMALDEHYDE 

K,  D.  Petrov,  E.  S.  Lagucheva  and  V.  I.  Pukhova 


We  have  previously  showp  that  2, 5.  dichluroaiuHne^  dn  oohtrrts^fbanilinie!}  dDesinotiKBcttowitli!  ethylene  oxide  [1]. 
The  Apparent  explanation  of  this  difference  in  behavior  is  that  the  basic  properties  of  2,5-dichloroaniline  are  greatly 
weakened  by  the  presence  of  a  chlorine  atom  in  the  benzene  ring, so  that  the  amino  group  becomes  non-reactive  to¬ 
ward  ethylene  oxide. 

In  this  connection  it  was  of  interest  to  establish  whether  the  chlorine  atoms  in  N-(2,5-dichlorophenyl)-oxazolidine 
v.'l'.ich  ri.'hcts  withhalogen-free  N-phenyloxazoliJinc  to  form  4,  -I'  -i,’i-(oxa7.oli  ;’yl-N)-diphcnylmethane,  Ts  ill  react r.\ith  form¬ 
al  kMiy-!e  .  It  should  be  noted  that  N-phenyloxazolidine  reacts  with  formaldehyde  with  facility  both  in  presence  of  hy¬ 
drochloric  acid[2]  and  of  formic  acid( experiment  2).  It  was  found,  however,  that  N-(2.5-dichlorophenyl)-oxazolidine 
does  not  react  at  all  with  formaldehyde  in  presence  of  formic  acid,  whereas  in  presence  of  hydrochloric  flcid  conden¬ 
sation  with  formaldehyde  takes  place  to  give  4,4’-di(oxazolidyl-N)-2,2',5,5' -tetrachlorodiphenylmethahe  according 
to  the  scheme. 


Cl 


+  H2O. 


The  structure  of  the  product  is  confirmed  by  the  determination  of  the  nitrogen  content  and  by  the  previous  obser¬ 
vation  [2]  that  this  type  of  condensation  proceeds  in  the  para- position.  In  this  connection  it  should  be  emphasized  that 
the  above  reaction  scheme  is  not  inconsistent  with  the  generally  accepted  rule  of  substitutirxi  in  the  aromatic  nucleus 
[3].  This  is  also  supported  by  the  fact  that  in  the  present  instance  reaction  in  the  para-position  is  easier  than  in,  say, 
the  ortho- position  since  in  the  former  position  of  the  molecule  of  N-(2, 5-dichlorophenyl)-oxazolidine  there  are  no 
considerable  steric  barriers  (remoteness  of  the  oxazolidine  ring  from  the  para -position)  which  might  have  hindered 
the  formation  of 4, 4'-di-(oxazolidyl”N>-  2,2',  5,5’-tetrachlorodiphenylmethane,  Moreover,  reactioii  of  dialkylani- 
lines  usually  procedd  in  the  para- position  [3]. 


EX  PERIMENT  AL 

1.  4.4-Di-(oxazolidyl-N)-2.2'.5,5*-teuachloridphenylmethane.  54.5  g  (0.25  mole)  N-(2,5-dichlorophenyl)-ox- 
azolidine,  12.3  g  36.1%  formaldehyde  (0.15  mole  CHjO),  70  ml  alcohol  and  1  ml  hydrochloric  acid  (d  1.18)  were  stirred 
for  8  hours  at  room  temperature.  Heat  was  liberated  at  the  start  of  the  reaction  and  the  temperature  of  the  mass  rose  to 
29*.  At  the  conclusion  of  the  stirring,  the  reaction  mass  was  left  overnight  and  the  next  day  it  was  neutralized  witlj  - 
sodium  carbonate  solution,.when  a  white  crystalline  precipitate  of  4,4’ -di-(oxazolidyl-N)-2,2',5,5’ -tetrachlorodiphenyF 
methane  came  down.  The  precipitate  was  filtered  on  a  nutsch  and  washed  with  80  ml  alcohol  and  250  ml  water.  The 
product  was  dried  in  the  air.  Yield  21  g(37.5%).  After  two  recrystallizations  from  benzene.  4,4' -di-(oxazolidyl-N)-2.', 
5.5' -tetrachlorodiphenylmethane  melted  at  154* 

0.3320.  0,4263  g  sub.:  15.14.  19.02  ml  0.1  N  HjSO^.  Found  %:  N  6.38.  6.24,  CisHigOiNzClv  Calculated  %:  N 

6.25. 

2,  Preparation  of  4,4' -di-(oxazolidyl-N)-diphenylmethane  in  presence  of  formic  acid.  14.9  g  N-Phenyloxaa»li- 
dine,  4.9  g  formaldehyde  solution,  50  ml  alcohol  and  2  ml  70%  formic  acid  were  heated  to  35-35*  and  stirred  8  hours. 
During  the  operation  4,4' -di-(oxazolidyl-N)-diphenylme thane  gradually  came  down  in  the  form  of  white  scales.  At  the 
conclusion  of  the  stirring  the  reaction  mixture  was  left  overnight.  The  next  day  the  mixture  was  neutralized  with  sodium 
carbonate  solution.  Tlie  crystals  of  4,4’-di-(oxazolidyl-N5'-diphenylmethane  were  collected  on  a  nutsch,  washed  with  50 
ml  alcohol,  then  with  500  ml  water  and  finally  with  another  30  ml  alcohol.  The  air-dried  product  melted  at  138-140*. 
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Yield  10.3  g  (66.5*541).  After  recrystallization  from  benzene  the  m.p.  was  141-142*  in  agreement  with  that  reported  in 
the  literature  for  4,4'-di-(oxazolidyl-N)-diphenylmethane  [2], 

SUMMARY 

It  wasshown  that  N-(2.5-dichlorophenyl>*oxazolidine  reacts  with  formaldehyde  in  presence  of  hydrochloric  acid 
with  formation  of  4,4’-di-(oxazolidyl-N)-2.2',5,5’  -tetrachlorodiphenylmethane.  It  was  also  established  that  in  presence 
of  formic  acid  N-(2,5-dichlorophenyl)-oxazolidine  does  not  enter  into  reaction  with  formaldehyde,  whereas  the  halogen 
free  N-phenyloxazolidine  condenses  with  formaldehyde  in  presence  of  formic  acid  to  give  4,4’-di-(oxazolidyl-N)-di“ 
phenylme  thane. 
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ISOMERIZATION  OF  BICYCLIC  TERPENE  OXIDES  DURING 
REACTION  WITH  ACETIC  ANHYDRIDE 

B.  A.  Arbuzov  and  Z.  G.  Isaeva 

Researches  by  B.  A.  Arbuzov  have  established  [1]  that  oxides  of  bicyclic  terpene  hydrocarbons-  a-pinene,  A*- 
carene.  S-pinene  and  camphene  -  undergo  isomerization  in  various  reactions.  In  the  Grignard  and  Reformatsky  reactions 
the  oxides  undergo  preliminary  isomeriza'tion  to  aldehydes;  d -pinene  oxide  isomerizes  to  campholenaldehyde,  B-pinene 
oxide  to  dihydromyrtenal,  camphene  oxide  to  camphenilanaldehyde,  and  A*-carene  oxide  to  an  unsaturated  aldehyde  of 
uncertain  structure.  Isomerization  of  some  of  these  oxides  (oxides  of  a-pinene  and  A®-carene)  is  accompanied  by  pro¬ 
found  changes  in  their  carbon  skeleton.  It  was  shown  that  the  isomerizing  agents  during  the  Grignard  and  Reformatsky  re¬ 
actions  are  halides  of  magnesium  and  zinc. 

In  1949  we  found  [2]  that  the  reaction  of  oxides  of  a  -pinene,  A*-carene  and  camphene  with  alcohols  in  presence 
of  sulfuric  acid  is  likewise  accompanied  by  isomerization  of  the  oxides  to  aldehydes.  The  aldehydes  rehct  with  the  alco¬ 
hols  in  presence  of  the  sulfuric  acid  to  form  acetals.  The  action  of  alcohols  on  a-pinene  oxide  gives,  apart  from  acetals, 
monoesters  of  sobrerol. 


With  the  objective  of  studying  the  behavior  of  oxides  of  bicyclic  terpene  hydrocarbons  in  reactions  without  cata¬ 
lysts,  we  undertook  an  investigation  of  the  action  of  acetic  anhydride  on  the  oxides  of  a -pinene,A* -carene  and  camphene. 

It  was  natural  to  assume  that  the  reaction  of  oxides  of  a  -pinene,  A®-carene  and  camphene  with  acetic  anhydride 
would  proceed  in  such  a  way  that  the  molecule  of  acetic  anhydride  would  combine  with  the  oxide  ring  to  form  acetates 
of  the  corresponding  diols:  pinene  glycol,  carene  glycol  and  camphene  glycol.  For  example,  with  A^  carene  oxide; 


C»^  ^  CHj 


CM, 

I.^OOOCt^ 


HC- 


'WOOOCM, 

CH, 


CH 


Due  to  the  circumstance,  as  reported  in  the  literature,  that  a  -  pinene  can  isomerize  even  under  mild  conditions, 
its  reaction  with  acetic  anhydride  might  be  expected  to  lead  to  sobrerol  acetate  (by  analogy  with  the  formation  of  so¬ 
brerol  by  the  action  of  water  on  a  -  pinene  oxide  in  presence  of  carbon  dioxide  [3]); 


CM 


CH, 

HC^  CH000C% 

HaC  CH, 

C  — OCOCH, 
CM, 


The  experiments  showed  that  the  reaction  of  terpene  bicyclic  oxides  with  acetic  anhydride  is  a  complex  process 
with  formation  of  a  mixture  of  products, 

g - Pinene  oxide 


Three  substances  were  isolated  after  reaction  of  a  -pinene  oxide  with  acetic  anhydride.  The  constants  of  one  of 
these  substances  with  b.p.  58-64'  (4  mm)  were  very  similar  to  those  campholenaldehyde  (I)  (see  experimental).  It  was 
identified  by  preparation  of  the  semicarbazone  with  m.p,  137-138*.  The  yield  of  campholenaldehyde  in  the  reaction  of 
a-pinene  oxide  with  acetic  anhydride  was  20.4% 


1 

1 


I 
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The  second  reaction  product  with  the  composition  C^zHigOj  (yield  30.27o)  has  b,p.  89-95*  (6  mm).  The 
compound  gives  an  adduct  with  maleic  anhydride  with  m.p.  142- 144*.  Hydrolysis  of  this  compound  with  alkali 
in  aqueous-alcoholic  solution  gave  an  alcohol  with  the  composition  CjoHijO  and  b.p.  75-81*  (2.5  mm).  The 
alcohol  is  esterified  by  boric  acid;  consequently,  the  hydroxyl  group  is  not  at  the  tertiary  carbon  atom.  The  com¬ 
pound  CijHigOg  is  probably  the  acetate  of  the  alcohol  CigHigO  with  conjugated  double  bonds.  Its  structure  was  not 
established. 

The  third  reaction  product  is  sobrerol  diacetate  (II):  b.p.  125-128*  (4  mm).  Saponification  of  sobrerol 
acetate  with  aqueous  alkali  solution  gave  sobrerol  with  m.p.  149-150*.  There  was  no  melting  point  depres¬ 
sion  in  a  mixed  test  with  sobrerol  prepared  by  hydration  of  a  -pinene  oxide  in  presence  of  acid.  Yield  of  sobre¬ 
rol  acetate  26.1  ^lo. 

In  previous  papers  dealing  with  the  rearrangements  taking  place  on  reaction  of  oxides  of  bicyclic  terpenes 
with  various  reactants,  we  made  use  of  a  scheme  in  which  was  assumed  the  formation  at  an  intermediate  stage  of 
an  oxonium  ion  which  later  rearranged  to  a  carbonium  ion.  Rearrangements  of  the  carbonium  ion  would  readily 
account  for  the  formation  of  diverse  products  of  reaction.  Similar  concepts  explain  the  formation  of  the  products 
of  reaction  with  acetic  anhydride  of  the  oxide  of  a  -  pinene  and,  as  will  be  shown  later,  of  oxides  of  other  bicyclic 
terp>enes.  Formation  of  the  products  of  reaction  of  a  -pinene  oxide  with  acetic  anhydride  may  be  represented  by 
the  following  scheme: 


HC 

i 


Ct^ 


* 

I 


9^ 


HC^  ^CH0C0CH5 


CH 


HaP.  j  JC«. 


HC^  ^CMOCOO% 


P 

HC^I  2h00O&% 


CH 


HC- 


'■CHOQOCH, 


I  CHO 


CH 

(I) 


-f 

4Ch%Q0 


CH 

c— oaxHj 
(H) 


With  the  objective  of  elucidating  the  role  of  campholenaldehyde  in  the  reaction  of  a  -pinene  oxide  with 
acetic  anhydride  and,  in  particular,  in  the  formation  of  the  compound  CjjHigOj,  an  experiment  was  performed  on 
the  action  of  acetic  anhydride  on  campholenaldehyde  under  the  reaction  conditions  (heating  at  140*  without  a 
catalyst).  Campholenaldehyde  is  unchanged  under  these  conditions. 

Reaction  of  acetic  anhydride  with  campholenaldehyde  in  presence  of  sulfuric  acid  gave  a  crystalline  sub¬ 
stance  with  m.p.  70-72*  whose  analysis  corresponded  to  Saponification  of  the  compound  with  an  aqueous- 

alcoholic  solution  of  alkali  gave  campholenaldehyde  (m.p.  of  semicarbazone  137-138*).  Consequently,  the  com¬ 
pound  with  m.p,  70-72*  is  the  diacetate  with  structure  (III). 

A*-Carene  Oxide 

A*-Carene  oxide  gives  two  products  in  reaction  with  acetic  anhydride.  58.6  ‘’/oof  the  carene  oxide  entered 
into  the  reaction,  the  remainder  being  recovered  unchanged.  As  in  the  case  of  a  -pinene  oxide,  a  compound 


\ 
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HC^j  CH(c3COOyjt 
jn3C-C-CK% 

HaC^I  CH* 

(III) 


C^HijO^  with  b.p.  86-88.5*  (3  mm)  was  isolated.  Yield  21.6*^.  This  compound 
gives  an  adduct  with  maleic  anhydride  with  m.p.  145-147*,  A  mixed  test  with  the 
adduct  of  the  analogous  compound  obtained  by  reaction  of  a  -pinene  oxide  with 
acetic  anhydride  showed  a  depression,  the  mixed  melting  point  being  117-120*. 
Saponification  of  the  compound  gives  an  alcohol  CioHjgO.  As  in  the  case 

of  the  product  of  reaction  of  a  -pinene  oxide  with  acetic  anhydride,  the  stmcture 
of  the  compound  Ci2Hig02  was  not  established. 

The  second  product  of  reaction  of  A®-carene  oxide  with  acetic  anhydride 
was  S-carene  glycol  diacetate  (IV)  with  b.p,  120-121*  (4  mm).  Yield  7,7*70. 
Saponification  of  this  product  gave  6'carene  glycol  with  m.p.  88-89*.  Conse¬ 
quently,  the  reaction  of  A®-carene  with  acetic  anhydride  proceeds  partially  with 
isomerization  of  A^-carene  oxide  and  in  part  normally. 
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Camphene  Oxide 

The  reaction  of  camphene  oxide  with  acetic  anhydride  proceeds  with  complete  isomerization  of  the  oxide. 
In  this  process  38.3*70  of  the  camphene  oxide  isomerizes  to  camphenilanic  aldehyde  (V)  which  was  identified  by 
preparation  of  the  semicarbazone  with  m.p,  191-192*.  Among  the  reaction  products  was  also  found  the  compound 
Ci2HigO^  with  b.p.  93-95.5*  (5  mm),  nj^  1.4850,  dg®  1.0043,  Yield  20*7o.  An  aqueous-alcoholic  solution  of  alkali 
saponifies  the  compound  to  camphenilanaldehyde.  These  data  indicate  that  the  compound  is  the  acetate  of  the 
enolic  form  of  camphenilanic  aldehyde  (VI). 


The  acetate  of  the  enolic  form  of  camphenilanic  aldehyde  was  prepared  by  Semmler  in  1909  [4]  by  the  ac¬ 
tion  of  acetic  anhydride  and  sodium  acetate  on  camphenilanaldehyde.  Semmler  gave  the  following  constants  for 
the  acetate  of  the  enolic  form  of  camphenilanaldehyde:  b.p.  113-116*  (10  mm),  d^®  1.0125,  nJJ  1,4816. 

The  third  reaction  product  was  a  compound  (VII)  with  b.p.  128-130*  (5  mm).  Yield  20.4*7>. 

By  analogy  with  the  compounds  of  the  same  composition  obtained  from  the  oxides  of  a  -pinene  and  A®- 
carene  it  may  be  suggested  that  the  action  of  acetic  anhydride  on  camphene  oxide  also  gives  the  acetate  of  a 
diol.  Saponification  with  alkali  gave  a  crystalline  substance  with  m.p,  241-243*  (VIII), 

The  crystalline  compound  was  oxidized  with  potassium  permanganate  in  a  stream  of  carbon  dioxide  to  form 
ketopinic  acid  with  m.p.  232-233*  (IX), 


For  caifirmation  of  the  identity  of  the  product  of  oxidationof  the  diol  with  m.p,  241-243*,  ketopinic  acid 
with  m.p.  230-232*  was  prepared,  as  described  in  the  literature  [5J  by  oxidation  of  bornyl  chloride  with  nitric  acid. 
A  mixed  test  did  not  give  a  melting  jwint  depression. 

Consequently,  the  product  with  b.p.  128-130*  (5  mm)  must  be  assigned  the  stmcture  of  the  diacetate  of 
2,10-camphanediol  (VII). 
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The  mechanism  of  the  reaction  of  camphene  oxide  with  acetic  anhydride  may  be  represented  by  the  follow¬ 
ing  scheme: 
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EXPERIMENTAL 

Action  of  acetic  anhydride  on  a-pinene  oxide 

a-Pinene  oxide  was  prepared  by  oxidation  of  a-pinene  with  peracetic  acid;  it  had  the  constants:  b.p, 
67-67.5*  (12  mm),  4“  0.9601,  nJJ  1.4693. 

1st  experiment.  Reactants  were  96.8  g  pinene  oxide  and  151  g  acetic  anhydride.  The  a  -pinene  oxide 
was  mn  dropwlse  into  the  boiling  acetic  anhydride  in  the  course  of  1-^  hours.  Then  the  reaction  mixture  was 
boiled  4^  hours  (temperature  in  the  reaction  mixture  140-143*).  The  acetic  anhydride  was  distilled  off  in  vacu¬ 
um;  fractionation  of  the  residue  in  a  Widmer  column  yielded  three  fractions: 

1st  -  b.p.  58-64*  (4  mm),  19.7  g,  4“  0.9172,  ng  1.4650;  2nd -b.p.  89-95*  (6  mm),  29.9  g.  d^®  0.9759, 
ni5  1.4802;  3rd-  b.p.  125-128*  (4  mm),  33.6  g.  4®  1.0456.  ng  1.4668. 

2nd  experiment.  Reactants  were  86.5  g  a  -pinene  oxide  and  257  g  acetic  anhydride.  The  a  -pinene  oxide 
was  mn.into  the  acetic  anhydride,  heated  to  130*.  in  the  course  of  45  minutes.  After  running  in  ^  of  the  amount 
of  a  -pinene  oxide,  the  reaction  mixture  boiled.  After  all  had  been  run  in,  the  reaction  mixture  was  boiled  for 
another  40  minutes.  The  mixture  was  worked  up  as  described  for  the  1st  experiment,  and  also  gave  three  fractions: 

1st  -  b.p.  66-71*  (5  mm),  22.2  g.  dj“  0.9187,  ng  1.4668;  2nd  -  b.p.  94-100*  (4.5  mmX  20.9  g.  d|® 

0.9756,  ng  1.4805;  3rd-  b.p.  134-136*  (4  mm).  29  g.  dj*  1.0462,  ng  1.4685. 

Preparation  of  the  semicarbazone  of  campholenaldeKyde.  Semicarbazide  hydrochloride  (1.1  g)  and  sodium 
acetate  (1.5  g)  were  dissolved  in  a  little  water  and  into  the  solution  was  run  the  compound  (1.1  g)  with  b.p.  58-64* 
(4  mm).  Shaking  of  the  mixture  for  20-25  minutes  resulted  in  separation  of  a  solid;  weight  1.3  g  after  washing  with 
water  and  pressing  on  filter  paper.  After  two  recrystallizations  from  ethyl  alcohol  the  m.p.  of  the  semicarbazone 
was  137-138*.  The  m.p.  of  campholenaldehyde  semicarbazone  was  138-139*.  The  mixed  melting  point  was  137- 
138*. 


Examination  of  substance  with  b.p.  89-95*  (6  mm) 

4°  0,9759,  n|5  1.4802,  MRp  56.49.  CizHigO^fj.  Calculated  56.14. 

0.0966,  0.1000  g  substance:  0.2602,  0.2692  g  CQg;  0.0778,  0.0808  g  HgO.  Found  %  C  73.45,  73.42; 

H  8.95,  8.97.  CujHigOg.  Calculated  °h:  C  74.18;  H  9.35. 

Preparation  of  the  adduct  of  the  subsunce  with  b.p.  89-95*  (6  mm)  with  maleic  anhydride.  A  mixture 
of  3  g  substance  and  1.6  g  maleic  anhydride  was  heated  on  a  water  bath  at  80-85*  for  6  hours.  The  small  pre¬ 
cipitate  which  came  down  on  cooling  was  filtered  off.  Crystals  came  down  from  the  filtrate  on  standing;  m.p. 
142-144*  after  three  recrystallizations  from  alcohol.  The  adduct  is  readily  soluble  in  alcohol. 

Saponification  of  substance  with  b.p.  89-95*  (6  mm)  with  aqueous- alcoholic  NaOH.  Into  a  solution  of 
1.7  g  NaOH  in  11  ml  water  and  21  ml  alcohol  was  run  8  g  subsunce.  The  color  of  the  mixture  became  light- 
brown.  The  color  changed  to  reddish-brown  on  heating  at  40-45*  for  5  houis.  The  reaction  mixmre  was  then  di¬ 
luted  with  water  and  extracted  with  ether.  The  ethereal  extract  was  dried  with  sodium  sulfate.  The  residue  after 
driving  off  the  ether  and  alcohol  was  vacuum-distilled: 

b.p.  75-81*  (2.5  mm),  4.5  g,  d^®  0.9648,  nf^  1.5010.  MRp  46.41.  CigHigOpg.  Calculated  46.77. 

0.0880  g  substance:  0.  2542  g  CO^;  0,0818  g  1^0.  0,1116  g  substance:  16.8  ml  CH^  (14*,  758  mm). 

Found  %:  C  78.78;  H  10.32;  OH  10.88.  CigHigO.  Calculated  %>-.  C  78,89;  H  10.59;  OH  11.18. 

Action  of  acetic  anhydride  on  c  a  m  ph  olen  al  dehy  de  in  presence  of  sulfuric  acid 

Reactants  were  10  g  campholenaldehyde  [b.p.  76-82*  (9  mm),  dj®  0,9215,  n^  1.4650],  35  g  freshly  dis¬ 
tilled  acetic  anhydride  and  1  drop  sulfuric  acid  (d  1,84).  The  campholenaldehyde  was  run  dropwise  into  the 
acetic  anhydride  containing  the  sulfuric  acid.  No  heating  of  the  mixture  was  detected.  The  reaction  mixture 
was  heated  on  a  water  bath  at  65*  for  1  hour  and  then  neutralized  with  sodium  acetate.  The  residue  after  re¬ 
moval  of  the  acetic  anhydride  was  distilled  in  vacuum  in  a  Widmer  column  to  give  three  fractions: 

1st  -  b.p,  75-80*  (3  mm),  2  g,  n^  1.4730;  2nd  -  b.p.  80-90*  (3  mm),  1.7  g,  4®  0.9870.  nfj 
1.4672;  3rd -b.p.  90-120*  (3  mm),  3.3  g,  njJ  1,4697. 

The  2nd  and  3rd  fractions  at  once  started  to  crystallize.  The  crystals  were  filtered  off,  and  pressed  on  filter 
paper;  weight  3.2  g.  After  3  recrystallizations  from  alcohol  the  m.p.  was  70-72*. 

0,1240  g  substance:  0.2990  g  CO^;  0.0972  g  HfeO.  Found  %:  C  65.76;  H  8,71.  €141^*04.  Calculated'^: 

C  66.11;  H  8,72, 

Saponification  of  substance  with  m.p.  70-72*.  1  g  substance  was  treated  with  0.5  g  NaOH  in  10  ml  water 
and  10  ml  ethanol.  The  mixture  was  heated  on  a  water  bath  at  90-100*  for  6  hours.  The  reaction  mixture  was 
diluted  with  water  and  extracted  with  ether.  The  ethereal  extract  was  dried  with  sodium  sulfate.  The  ether  was 
distilled  off;  from  the  residue  was  obtained  campholenaldehyde  semicarbazone  with  m.p.  137-138*. 

Examination  of  substance  with  b.p.  125-128*  (4  mm) 

df  1.0456,  ni5  1.4668,  MR^  67.38.  C14H22O4  .  Calculated  67.49. 

0.1332  g  substance;  0.3214  g  CO2;  0.1030  g  1^0.  Found  %  C  65.81;  H  8.58.  Ci4l^2Q4- 
Calculated  %  C  66.1;  H  8,72. 

Saponificaticm  of  substance  with  b.p.  125-128*  (4  mm).  A  mixture  of  4  g  substance,  2  g  NaOH  and  32  ml 
water  was  shaken  at  room  temperature  for  70  hours.  The  precipitated  crystals  were  filtered  and  washed  with  ether. 
M.p.  147-149*.  After  recrystallization  from  alcohol  the  m.p.  was  149-150®  (sobrerol  has  m.p.  150*),  A  mixed  test 
with  the  Sobrerol  prepared  by  hydration  of  a-pinene  oxide  in  presence  of  acid  melted  at  148-150®. 

Action  of  acetic  anhydride  on  A®-carene  oxide 

Reactants  were  70  g  A®-carene  oxide  [b.p.  72-74*  (10.5  mm)  dj®  0,9475,  np  1.4680]  and  190  g  freshly  dis¬ 
tilled  acetic  anhydride.  The  A®-carene  oxide  was  run  into  the  boiling  acetic  anhydride  in  the  course  of  2  hours 
40  minutes;  the  solution  was  then  boiled  for  another  4  hous.  Three  fractions  were  collected  on  fractionation  of 
the  mixture: 

1st-  b.p.  51-54  (4  mm),  29  g,  d|®  0.9480;  ng  1.4690;  2nd-  b.p.  86-88.5*  (3  mm),  11.3  g,  dj®  0.9802, 
n^  1.4790;  3rd -b.p.  120-121*  (4  mm),  5.3  g,  d^®  1.0455,  ng  1.4670, 
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Examination  of  substance  with  b.p.  86-88.5*  (3  mm) 


0.9802,  nJ5  1.4790,  MR^  56.12.  CuHigQ '^I-Calculated  56.14. 

0.1196  g  sub.:  0.3252  g  CO^;  0.1000  g  HgO.  Found  C  74.15;  H  9.29,  CuHigOj-Calc.  %  C  74.18;  H  9.35. 

Preparation  of  adduct  with  b.p.  86-88.5*  (3  mm)  with  maleic  anhydride.  A  mixture  of  2.9  g  substance  and  1.6  g 
maleic  anhydride  was  heated  on  a  water  bath  at  50*  until  die  maleic  anhydride  had  dissolved.  On  standing,  crystals  came 
down  which  were  filtered  off.  washed  with  ether,  and  recrystallized  from  alcohol;  m.p.  145- 146*.  The  melting  point  af¬ 
ter  boiling  with  ligroine  was  145-147*. 

Saponification  of  substance  with  b.p.  86-88.5*  (3  mm).  Reactants  were  4.5  g  substance  and  1.8  g  KOH  in  8  ml 
water  and  15  ml  edianol.  On  mixing  the  reactants  a  dark-brown  color  was  imparted  to  the  mixture  and  a  still  darker 
color  was  acquired  after  heating  on  a  water  bath  at  40-45*  for  5  hours.  The  mixture  was  then  diluted  with  water  and 
extracted  with  ether.  The  ethereal  extract  was  dried  with  sodium  sulfate.  The  residue  after  driving  off  the  ether  and 
alcohol  was  distilled  to  give  1.9  g  substance  with  b.p.  75.5-77*  (2.5  mm). 

dj® '0.9636  n{5  1.4964,  Ml^  46.12.  CioH,gOfi.  Calculated  46.77. 

0.1283  g  sub.;  20.61  ml  CHg  (20*.  760  mm) .  Found  ’lo-.  OH  II.39.C10H15O.  Calculated  OH  11.18. 

Examination  of  substance  with  b.p.  120-121*  (4  mm) 

df 1.0455,  ng  1.4670,  MRp  67.41.  C^i^i  O.  Calculated  66.46. 

0.0930  g  sub.;  0.2260  g  CO^;  0.0716  g  HjO.  Found  ‘Jo:  C  66.27;  H  8.55  C14H22O4.  Calculated  %;  C  66.11;  H  8.72. 

Saponification  of  substance  with  b.p.  120-121*  (4  mm).  A  mixture  of  1.5  g  substance.  1.2  g  NaOH  and  19  ml 
water  was  shaken  17  hours  at  room  temperature.  The  resultant  crystals  were  filtered  ofi  washed  with  ether  and  re- 
crystallized  three  times  from  ligroine;  m.p.  88-89*.  Melting  point  of  anhydrous  B'carene  glycol  89-90*.  A  mixed 
test  with  6-carene  glycol  prepared  by  hydration  of  A*-carene  oxide  in  persence  of  hydrochloric  acid  (m.p.  after  two 
two  recrystallizations  from  ligroine  88-89*)  gave  a  melting  point  of  87-89*. 

Action  of  acetic  anhydride  on  camphene  oxide 

Reactants  were  50.4  g  camphene  oxide  and  136  g  acetic  anhydride.  The  solution  of  camphene  oxide  in  acetic  an¬ 
hydride  was  heated  on  a  water  bath  for  3  hours  and  then  boiled  for  7  hours.  Repeated  fractionations  of  the  reaction  mix¬ 
ture  in  a  Widmer  column  gave  three  fractions. 

1st  -  b.p.  80-87*  (9.5  mm)  19.3  g  (crystallizes  (xi  distillation);  2nd  b.p. 93-95. 5*.  (5  mm)  7.9  g  dj®  1.0043,  ng 
1.4850;  3rd  b.p.  128-130*.  (  5  mm).  10.6  g,  dfl.072,  ng  1.4718. 

Preparation  of  semicarbazone  of  camphenilanaldehvde 

To  a  saturated  solution  of  1  g  semicarbazide  hydrochloride  and  1.5  g  sodium  acetate  in  water  was  added  1  g  sub-  • 
stance  with  b.p.  80.87*  (9.5  mm).  The  mixture  was  diluted  with  medianol  until  the  substance  dissolved. On  shaking  for 
2-3  minutes  the  solution  deposited  a  white  precipitate  which  was  filtered  off,  washed  with  water  and  pressed  on  filter 
paper.  Recrystallization  from  ethanol  gave  fine  crystals  widi  m.p.  191-192*.  No  change  of  m.p.afterasecond  recrystal¬ 
lization.  The  semicarbazone  of  the  camphenilanaldehyde  prepared  by  isomerization  of  camphene  oxide  with  zinc  bro¬ 
mide  had  m.p.  191-192*  [1].  A  mixed  sample  melted  at  190-192*. 

Examination  of  substance  with  b.p,  93-95,5  *  (5  mm). 

20 

d^  1.0043,  ng  1.4850,  MRp  55.36  CuH^Oi  f;  Calculated  55.0. 

0.1254  g  sub.:  0.3412  g  COfe;  0.1022  g  HjO.  Found  74,20;  H  9.06.  CuHijOi.  Calculated  %.  C  74.18.  H  9.35. 

Saponification  of  substance  with  b.p.  93-95.5*  (5  mm ).  A  mixture  of  4.1  g  substance,  1.3  g  KOH,  6  ml  water  and 
14  ml  ethanol  was  heated  on  a  water  bath  for  12  hours  at  80-85*.  after  which  it  was  diluted  with  water  and  extracted 
with  ether.  The  ethereal  extract  was  dried  with  sodium  sulfate.  The  residue  after  removal  of  the  ether  and  alcohol  was 
d’s tilled  to  give  a  fraction  with; 

B.p.  65-72*  (3  mm)  1.6  g,  d|®1.0087,  ng  1.4848. 

Crystallization  commenced  even  during  distillation.  The  crystals  were  filtered  off  and  pressed  on  filter  paper;  a 
semicarbazone  was  prepared  from  them. 
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Preparation  of  semicarbazone  of  camphenilanaldehyde.  Reactants  were  0.2  g  substance,  0.3  g  semicarbazide  and 
0.4  g  sodium  acetate.  To  the  mixture  was  added  methanol  until  the  aldehyde  dissolved.  On  shaking,  a  precipitate  came 
down;  weight  of  crude  semicarbazone  0,1  g,  M,p.l89-190*  after  two  recrystallizations  from  alcohol.  A  mixture  with  the 
semicarbazone  of  camphenilanaldehyde  prepared  by  isomerization  of  camphene  oxide  in  the  reaction  with  acetic  anhy- 
dried  melted  at  189-190*. 

Examination  of  substance  with  b.p.  128-130*  (5  mm) 

df 1.072,  1.4718,  MRp  66.33.  Calculated  65.76. 

0.0950  g  sub.:  0.2298  g  CO2;  0.0732  g  H2O.  Found  C  65.97;  H  8.56.  C14H22O4.  Calculated  66.11;  H  8.72, 

Saponification  of  substance  with  b.p.  128-130*  (5  mm).  6  g  substance  was  treated  with  2.5  g  NaOH  in  15  ml  water 
and  15  ml  alcohol.  The  mixture  was  heated  on  a  water  bath  8  hours  at  40-50*.  The  reaction  mixture  was  diluted  with 
water  and  extracted  with  ether.  The  residue  after  removal  of  the  ether  became  viscous  but  did  not  crystallize.  On  di¬ 
lution  with  ligroine  a  crystalline  product  separated.  Recrystallization  from  ligroine  gave  1.2  g  substance  with  m.p. 
238-242*;  after  recrystallization  the  m.p.  was  241-243*.  Hie  melting  point  was  unchanged  after  a  third  recrystalliza¬ 
tion. 

0.0578  g  sub.:  01493  g  CO^;  0.0560  g  H2O.  Found  %  C  70.45;  H  10,76.  CioHijOj.  Calculated ‘7o:  C  70,54  H  10.65. 

Oxidation  of  substance  with  m.p.  241-243*.  1.2  g  substance  was  dissolved  in  120  ml  water  with  heating.  To  the 
solution,  cooled  to  20*,  was  added  with  stirring  a  solution  of  2.4  g  KMn04  in  60  ml  water.  Oxidation  was  effected  in 
a  stream  of  carbon  dioxide.  After  two  days*  standing  the  reaction  mixture  was  steam- distilled  and  250  ml  solution  came 
over  and  was  extracted  with  ether  prior  to  evaporation.  After  concentration  to  a  volume  of  10  ml,  the  solution  was  acidi¬ 
fied  with  hydrochloric  acid  and  extracted  with  ether.  The  residue  after  removal  of  die  ether  crystallized  completely  on 
standing.  After  two  recrystallizations  from  ligroine  the  m.p.  was  232-233*. 

Oxidation  of  bornyl  chloride  with  nitric  acid.  13  g  bornyl  chloride  was  treated  with  23. 9g  94'^  nitric  acid.  The 
bornyl  chloride  was  introduced  into  the  nitric  acid  in  small  portions  while  cooling  with  water,  Reactiai  was  conducted 
at  a  temperature  not  higher  than  24*.  After  standing  at  room  temperature  for  30  hours,  the  reaction  mixture  was  neutral¬ 
ized  with  milk  of  lime  and  the  solution  filtered.  The  filtrate  was  saturated  with  carbon  dioxide  and  again  filtered  before 
evaporation  to  a  small  volume;  it  was  then  acidified  with  hydrochloric  acid  and  extracted  with  ether.  After  removal  of 
the  ether,  the  residue  crystallized;  weight  1.8  g  .  M.  p.  230-232*  after  recrystallization  from  water.  A  mixture  with  the 
acid  prepared  by  oxidation  of  the  diol  with  m.p.  241-243*  melted  at  230-232.5* 

SUMMARY 

1,  A  study  was  made  of  the  reaction  of  a  -pinene  oxide,  A®-carene  oxide  and  camphene  oxide  with  acetic  an¬ 
hydride. 

2,  In  this  reaction  a  -pinene  oxide  yielded  campholenaldehyde,  sobrerol  diacetate  and  the  acetate  of  a  dienic 
alcohol  of  unclarified  structure. 

3,  Reaction  of  A*-carene  oxide  with  acetic  anhydride  gave  fi-carene  glycol  diacetate  and  the  acetate  of  a  dienic 
alcohol  of  unknown  structure. 

4,  Camphene  oxide  with  acetic  anhydride  forms  camphenilanaldehyde.  the  acetate  of  the  enolic  form  of  cam¬ 
phenilanaldehyde  and  2, 10-camphanediol  acetate. 

5,  A  mechanism  is  advanced  for  the  formation  of  diverse  reaction  products  which  assumes  xearrangement  to  the 
carbonium  ion. 
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SYNTHESIS  OF  ORG  ANOA  NTI MONY  COMPOUNDS  OF  THE  TYPE  OF 
AraSbJ^s  and  ArgSbXa  VIA  THE  DOUBLE  DIAZONIUM  SALTS  OF 
ANTIMONY  pent  ACHLORIDE 

O,  A,  Reutov  and  V.  V.  Kondratyeva 

Double  diazonium  salts  of  antimony  trichloride  (May  salts),  prepared  more  than  40  years  ago  [1],  have  found  wide 
application  for  synthesis  of  diverse  aromatic  organoantimony  compounds.  Unlike  the  May  salts,  the  double  diazonium 
salts  of  antimony  pentachloride  were  entirely  unkown,  since  their  preparation  even  in  a  strongly  acidic  aqueous  medium 
is  hindered  by  the  facility  of  hydrolysis  of  SbCls,  and  the  employment  of  organic  hydroxyl-free  solvents  is  prevented 
by  the  poor  solubility  in  the  latter  of  aryldiazonium  chlorides. 

Their  synthesis  has  been  effected  by  utilizing  the  exchange  reaction  (discovered  by  one  of  us  [2])  between  double 
diazonium  salts  of  ferric  chloride  and  chlorides  of  other  heavy  metals; 

ArNzCl  '  FeClj  +  MeCl^^  — ^  ArNzCl  •  MeCljj  +  FeClj. 

On  running  a  solution  of  antimony  pentachloride  in  chloroform  ordarbon  tetrachloride  into  an  acetone  solution  of 
ArN2Cl  •  FeCla  and  then  stirring  in  edier,  the  double  diazonium  salt  of  antimony  pentachloride  comes  down: 

Ar-NFeCli  +  SbCls— Ar-NSbCl*  +  FeClj, 

N  N 

The  double  salts  synthesized  by  this  reaction  are  set  forth  in  Table  1. 

The  double  diazonium  salts  of  antimony  pentachloride  proved  to  be  a  convenient  starting  point  for  synthesis  of 
organoantimony  compounds  of  the  type  of  Ar2SbX3  and  Ats  SbXj.  Their  decomposition  by  iron  powder  in  an  acetone 
medium  proceeds  according  to  two  equations; 

2ArN2Cl  •  SbCls  +3Fe  ArjSbCla  +  2N2  +  SbClj  +  BFeCl^  (I) 

3ArN2Cl  •  SbCls  +5Fe—*-  Ar3SbCl2  +  3N2  +  2SbCl3  +  5FeCl2.  (II) 

The  results  of  decompositon  of  various  double  diazonium  salts  of  antimony  pentachloride  by  iron  powder  ate  set 
forth  in  Table  2, 

As  we  see  from  the  data  of  Table  2,  only  one  of  the  above  reactions  takes  place  in  most  cases,  and  (usually  in 
high  yield)  only  one  type  of  organoantimony  compound  is  formed. 

EXPERIMENTAL 

Preparation  of  dobule  diazonium  salts  of  ferric  chloride.  Preparation  of  the  double  salts  of  aryldiazonium  chlorides 
(ArN2Cl  •FeCl3)  was  effected  under  the  conditions  described  by  Kocheshkov  and  ■  Nesmeyanov  [3]  with  a  slight  modi¬ 
fication  consisting  in  dissolving  the  ferric  chloride  in  the  minimum  amount  of  water  heated  to  50-60*.  after  which  the 
solution  was  cooled  to -5*.  The  cooled  solution  of  ferric  chloride  was  run  into  a  cooled  solution  of  the  diazotized  amine, 
after  which  the  double  salt  of  aryldiazonium  chloride  and  ferric  chloride  was  precipitated  by  addition  with  stirring  of 
concentrated  hydrochloric  acid.  B)  this  procedure  intense  cooling  is  not  required. Precipitation  of  the  double  salt  pro* 
ceeds  readily  even  at  temperatures  of  0  to  +5*.  The  prepared  salts  can  (if  necessary)  be  purified  by  reprecipitation  with 
'  ether  from  acetone  solution.  The  pure,  dry  double  salts  of  aryldiazonium  chlorides  and  ferric  chloride  are  fairly  stable 
and  they  can  be  stored  in  the  air  for  periods  of  2-3  days  to  2  weeks  (depending  upon  the  nature  of  the  aromatic  radi¬ 
cal)  without  appreciable  decompositon. 

The  following  double  diazonium  salts  were  synthesized  for  the  first  time  by  the  above- described  procedure: 

Double  salt  of  ferric  chloride  and  p-carbethcxyphcnylJiazonium  chloride  (p-C2HsCXX:CeH4l^Cl  •  FeCl3)with 
m.p,  72-73* (decomp.),  greyish- yellow  color;  yield  88%. 
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TABLE  2 


Substances  formed  by  decomposition  of  double  diazonium  salts  of  antimony  pentachloride  ArN2Cl '  SbCls  by  iron 
powder  in  acetone 


Ar— 


Ar2SbX3 


Formula 

Yield 

in  die  form  of 

melting  point 

color 

results 

■ 

(In  *70) 

which  compound 

C 

it  is  identified 

■calcu¬ 

lated 

found 

(CeHjliSbOOH 

67 

. 

(CeHslzSbCls 

1 

171- 172* 

! 

white 

31.06 

31.42 

31.36 

(CH3C6H4)2SbOOH 

58 

(CH3C6H4)2SbCl3 

i 

155 

white 

40.95 

41.02 

41.10 

CHj 

CH3 


^CHj 


Not  formed 


Not  formed 


Cl— ^  ^  (ClC«H4)2SbOOH 

59 

(ClC8H4)2SbCl3 

149-150 

white 

31.92 

(ICeH4)2SbCX)H 

81 

(IC6H4)2SbOCl* 

149 

white 

_  i 

C2H5OCX: 


Not  formed 


Not  formed 


31.68 

31.83 


CH,-C-NH<^^ 


Not  formed 


*  Substance  described  for  first  time. 
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white  j  30.50 


190 

(contracts)  « 


Not  formed 


white 


30.50 


30.37 

30.43 


‘  30.28 
30.36 


of  analysis  (in  %) 

Formula  ! 

meltine 

color  “Yield 

results  of  analysis  (in  °Jo) 

H 

1  Sb 

1 

point  1 

bn<7o) 

C 

H 

1  Sb 

calcu¬ 

lated 

found  jcalcu- 
*  lated 

found 

1 

i 

calcu-  found 

lated  ! 

calcu¬ 

lated 

'  found  calcu¬ 
lated 

found 

2.61  ' 

1 

2.83 

2.92  - 

i 

Not  formed 

i 

3.44  ! 

3.21 

3.43  - 

(CHsC6H4)3SbClj 

i 

156* 

i 

white 

29 

- 

- 

- 

- 

■  i  ; 

:[(CHs)2C6HjIsSbCl2 

190.5- 

191.5 

white 

52 

,  57.03 
56.71  57.01 

5,39 

5.48 

5.55 

- 

(ClQH4)3SbCl2 

205- 

206 

white 

73 

,  40.91 
40.97  1  40,82 

2.30 

!2.25 

2.18 

1 

’ 

! 

! 

1.79 

1.72 

1.85  '  - 

(ClC6H4)SbCl2 

193 

white 

30 

!  41.05 
40.97  '40.97 

2.30 

{ 

1 

!2.36 

'2.55 

i 

_ 

21.03 

- 

-  21.02 

21.15 

Not  formed 

KCljCsHjljSbCla* 

235 

white 

60 

- 

_ 

- 

19.30 

19.00 

19.20 

(CjHgOOCCeHJaSbClz 

! 

133- 

134 

white 

20 

50.86 
50.63  50.91 

4.24 

4.08 

4.17 

I 

- 

(CHjCONlK:5H4)sSbCl| 

170 

(sintering 

white 

76 

48.34 

>48.42  1  48.20 

i 

1 

4.07 

3.98 

3.89 

1 

j 

1.71 

1.52 

1.67  : 

i 

i 

i 

5 

1 

Not  formed 

1.71 

1.78  ' 

1.64  - 

1 

Not  formed 

j 

(CioH,),SbCl2' 

i 

1 

j  158- 
*  168 

J 

j 

1 

white 

79 

62.43 
62.74  62.54 

3.69 

3.87 

3.82 

_ 

- 

I 
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Double  Diazoniutn  Salts  of  Antimony  Pentachlohde. 
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Double  salt  of  ferric  chloride  and  p-dimethylaminophenyldiazonium  chloride  lp-(CH3)2NC6H4N2Cl'FeCl3]  with  m,p, 
109*  (  decomp.X  yellow  color;  yield  87%. 

Double  salt  of  ferric  chloride  and  p-acetylaminophenyldiazonium  •  chloride  (p-  CH3CONHC4H4N2Cl-FeCl8)  with 
m.p.  109*  (decomp.),  yellow  color;  yield  80%, 

Double  salt  of  ferric  chloride  and  m-xylyldiazonium  chloride  [2,4-(CH3)2C8H3N2Cl'FeCl3]  with  m.p.  45-46*( decomp.), 
light  yellow-color;  yield  80%. 

Double  salt  of  ferric  chloride  and  2.4-dichlorophenyldiazonium  chloride  (2,4-Cl2C8H3N2Cl  •  FeCl3)  with  m.p.  132* 
(decomp.),  light  yellow  color;  yield  89%. 

Double  salt  of  ferric  chloride  and  2,4,6-tribromophenyldiazonium  chloride  (2,4.6-Br§C$H2N2Cl  .  FeCl8)  with  m.p. 

126*  (decomp.),  yellow  color;  yield  63%, 

Double  salt  of  ferric  chloride  and  a-naphthyldiazonium  chloride  (a-CioHTN2Cl  •  FeC^)  with  m.p,  75-77*  yellow 
color;  yield  73%. 

Double  salt  of  ferric  chloride  and  fl-naphthyldiazonium  chloride  [8-C10H7N2CI  •  FeClg  \'With  m.p.  78-79*  (decomp,), 
yellow  color;  yield  87  %. 

Double  salt  of  ferric  chloride  and  diazotized  benzidine  (p,p'-Cl3Fe  •  C1N2C6H4— C8H4N2C1  -FeCls),  decomposes  widi 
explosion  at  97  -98*,  yellow  color,  yiefti  86%. 

Preparation  bf  double  diazonium  salts  of  antimony  pentachloride.  0.05  mole  double  salt  of  ferric  chloride  and  aryl- 
diazonium  chloride  was  dissolved  in  the  cold  in  the  minimum  amount  of  dry  aceton.  To  the  solution  was  added  (with 
cooling  with  snow  and  salt  and  with  stirring)  a  solution  18  g  (0.06  mole)  antimony  pentachloride  in  75  ml  cold,  dry 
chloroform.  To  the  resultant  crystal  magma  with  continued  stirring  was  added  200  ml  ether.  The  precipitate  of  double 
salt  ArN2Cl  •  SbClj  was  filtered  off,  washed  with  ether  and  dried  in  the  air.  The  double  diazonium  salts  of  antimony 
pentachloride  can  be  obtained  in  die  analytically  pure  form  by  reprecipitation  in  the  cold  with  ether  from  aceton  so¬ 
lution,  They  can  be  stored  in  the  air  without  appreciable  decomposition  for  1-2  weeks  to  2-4  months  depending  upon 
the  nature  of  the  aromatic  radical.  The  double  diazonium  salts  of  antimony  pentachloride  synthesized  by  this  jwocedure 
are  set  forth  in  Table  1. 

Decomposition  of  double  diazcaiium  salts  of  antimony  pentachloride  with  iron  powder.  To  a  suspension  of  5.6g 
(0,1  g-atom)  iron  powder,  passed  through  a  100 -mesh  screen,  in  50  ml  dry  aceton  was  added  a  solution  of  0.025  mole 
double  salt  of  antimony  pentachloride  and  aryldiazonium  chloride  in  40  ml  dry  acetone  with  good  mechanical  stirring 
in  the  course  of  15  minutes.  The  first  third  of  the  solution  was  run  in  a  single  portion;  5  minutes  later,  when  vigorous 
evolution  of  nitrogen  had  started  and  the  reaction  mixture  had  heated  up,  the  remainder  of  the  solution  was  tun  in  at 
such  rate  that  a  continuous  vigorous  stream  of  gas  was  coming  off.  After  the  whole  of  the  solution  had  been  run  in,  the 
mixture  was  stirred  for  another  \l%  hour. 

The  inorganic  precipitate  was  filtered  off  and  the  solvent  distilled  off  from  the  filtrate  in  vacuum  in  the  cold. 

To  the  residue  (brown  oil),  after  washing  with  5  N  hydrochloric  acid  (20  and  15  ml),  was  added  30  ml  cold  967o 
alcohol  with  stirring.  The  insoluble  triarylantimony  dichloride  was  filtered  off  and  recrystallized  from  a  suitable  solvent. 

The  alcoholic  filtrate  (after  separation  of  the  triarylantimony  dichloride)  was  pouted  into  cooled  5%  ammonia 
solution.  The  gelatinous  precipitate  of  diarylstibinic  acid  was  filtered  off,  well  washed  with  water  and  dried  in  the  air. 

The  acid  was  identified  by  conversion  to  diarylantimony  trichloride  by  heating  with  5N  hydrochloric  acid. 

SUMMARY 

1.  A  method  was  developed  for  synthesis  of  previously  unknown  double  diazonium  salts  of  antimony  pentachloride. 

2.  A  method  was  evolved  for  synthesis  of  organoantimony  compounds  of  the  type  of  Ar2SbX3  and  Ar3SbX2  via  the 
double  diazonium  salts  of  antimony  pentachloride. 
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BROMINATION  WITH  DIOXANE  DIBROMIDE 
III.BROMINATION  OF  AROMATIC  HYDROCARBONS  AND  HETEROCYCLES. 
A  NEW  METHOD  OF  lODINATION  WITH  THE  HELP  OF  THE 
COMPLEX  OF  IODINE  CHLORIDE  WITH  DIOXANE 

A.  P.  Terentyev.  L.  I.  Belenky  and  L.  A.  Yanovskaya 


In  the  preceding  papers  [1,  2]  we  submitted  the  results  of  our  work  on  the  application  of  the  dioxane  dibromide 
complex  to  the  bromination  of  polyhydric  phenols  and  aliphatic  aldehydes  and  ketones.  In  the  present  paper  we  report 
on  the  utilization  of  dioxane  dibromide  for  bromination  of  aromatic  hydrocarbons  and  some  heterocyclic  compounds;  we 
also  described  a  series  of  experiments  with  aromatic  amines  •  . 

In  addition  we  present  some  results  on  the  application  of  a  new  iodinating  agent  -  the  complex  of  iodine  chloride 
with  dioxane. 

1.  Bromination  of  aromatic  hydrocarbons  and  heterocycles  with  dioxane  dibromide 

We  tested  the  action  of  dioxane  dibromide  on  benzene,  toluene,  naphthalene,  2-methylnaphthalene,  fluorene  and 
anthracene.  It  was  found  that  benzene  does  not  react  with  dioxane  dibromide  either  at  room  temperature  or  on  boiling. 
Toluene  readily  enters  into  reaction  with  dioxane  dibromide  on  heating  to  35-40*  and  forms  -p-bromotoluene  in  quan¬ 
titative  yield.  Naphthalene  and  2-methylnaphthalene  react  with  dioxane  dibromide  even  at  room  tempeiature  to  give 
the  corresponding  monobromo  derivatives  in  good  yield.  Vhen  using  a  twofold  excess  of  dioxane  dibromide,  naphtha¬ 
lene  gives  1,4-dibromonaphthalene.  In  all  cases  the  reaction  was  carried  out  without  a  solvent.  Fluorene  reacts  in  a 
similar  way  to  naphthalene,  forming  2-bromofluorene  or  2,7-dibromofluorene  depending  upon  the  amount  of  reactant. 
The  reaction  of  dioxane  dibromide  with  anthracene  proceeds  in  two  ways;  In  presence  of  even  the  slightest  trace  of 
moisture,  anthrone  and  anthraquinone  are  formed.  A  similar  observation  was  earlier  made  by  Price  and  Weaker  [3] 
who  brominated  anthracene  in  dioxane  with  bromine.  In  this  case  the  reaction  undoubtedly  proceeded  via  intermedi¬ 
ate  formation  of  dioxane  dibromide.  In  absolute  dioxane  the  bromination  of  anthracene  proceeds  at  70*  and  leads  to 
9-bromoanthracene  or  9,10-dibromoanthracene  depending  upon  the  ratio  of  reactants. 

With  the  objective  of  developing  a  method  of  bromination  of  acidophobic  heterocyclic  compounds,  we  tried  the 
action  of  dioxane  dibromide  on  a  series  of  compounds  of  the  furan  and  pyrrole  series  and  also  on  thiphene.  Furan  it¬ 
self  in  small  amounts  (upto5  g)  is  smoothly  brominated  by  dioxane  dibromide  in  ether  or  dioxane  at  0*  with  forma¬ 
tion  of  2-bromofuran.  When  using  large  amounts  of  furan.  however,  the  reaction  proceeds  differently,  apparently  with 
opening  of  the  furan  ring.  After  the  reaction  mixture  had  been  worked  up  with  water,  the  ether  layer  did  not  contain 
any  other  substances  apart  from  a  negligible  amount  of  dioxane.  i.e.  the  reaction  products  are  water-soluble  and  pass 
into  the  water  on  washing.  Treatment  under  anhydrous  conditions  (neutralization  of  the  mixture  with  sodium  carbo¬ 
nate  followed  by  filtration)  leads  to  separation  (after  removal  of  the  ether)  of  a  dark  oil  with  a  pungent  odor  which 
does  not  distil  without  decompositon.  Sylvan  is  smoothly  brominated  by  dioxane  dibromide  but  the  resultant  bromo- 
sylvan  is  unstable  rn  J  after  removal  of  the  solvent  it  violently  and  s^rontaneously  decotnp'oses.  Judging' by  the  outward 
appearance  (a  heavy  oil  with  a  pleasantodor)bromosylvan  contains  bromine  in  the  nucleus  and  not  in  the  side  chain.  Ac¬ 
cording  to  the  literature.  2-bromomethylsylvan  is  likewise  unstable,  but  it  possesses  strong  lachrymatory  properties 
which  were  not  found  in  our  case.  Furfuryl  alcohol,  furfural,  and  furfurol  diacetate  apparently  also  undergo  fission  by 
dioxane  dibromide,  only  water-soluble  products  being  obtained. 

Pyrrole  and  2,4-dimethylpyrrole  are  resinified  on  bromination  with  dioxane  dibromide.  On  the  other  hand,  2-ace- 
tylpyrrole,  2,5-dimethyl-3-carbethoxypyrrole,  2,4-dimethyl-3-carbethoxypyrrole  and  2,4-dimethyl-5-carbethoxy- 
pyrrole  form  the  monobromo- derivatives  in  excellent  yields.  Also  successfully  brominated  are  indole  to  3-btomo- 
indole  and  2-methylindole  to  3-bromo-2-methylindole.  3-Methylindole  enters  into  reaction  with  dioxane  dibromide 
(decolorization  of  the  reaction  mixture),  but  the  bromination  product  is  unstable  and  decomposes  in  the  course  of 
*  A  paper  was  recently  published  by  XJ.  M,  Kosolapoff  on  "Direct  halogenation  of  some  aromatic  amines"  [J.Am. 
Chem.  Soc.,  75,  3596  (1953)].  The  author  mentions  that  complexes  of  dioxane  with  halogens  can  serve  as  mild  agents 
for  halogenation  of  sensitive  aromatic  compounds.  Examples  were  given  of  the  preparation  of  some  bromo-substituted 
aromatic  amines.  The  author  does  not  cite  our  work  on  the  application  of  dioxane  dibromide  although  the  first  com¬ 
munication  by  one  of  us  was  published  in  1950  (Proc.  Acad.  Sci.  USSR,  71  693)  and  was  abstracted  in  die  same  year 
in  Chem.  Abs.,  44,  8354  fl950)(  abstractor  G.  M.  Kosolapoff). 
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1-2  houB  after  preparation.  For  this  reason  we  were  unable  lO  obtain  satisfactory  analytical  results  for  bromoskalole. 
Thiophene  is  brominated  by  dioxane  dibromide,  to  2-broniothiophene,  In  all  cases  the  bromination  of  heterocyclic 
compounds  in  ether  or  dioxane  is  effected  at  u?  or  at  room  temperature. 

Bromination  of  aniline  or  dimethylaniline  under  our  usual  conditions,  i.e.  in  ether  or  dioxane  solution,  did  not 
proceed  smoothly:  the  reaction  mixture  turned  blue  and  a  dark  precipitate  appeard.  The  reaction  fwoceeds  differently 
in  acetic  acid.  For  example,  on  brominating  dimethylaniline  with  dioxane  dibromide  in  acetic  acid,  a  good  yield  of 
p-bromodimethylaniline  is  obtained.  Results  of  the  reaction  with  aniline  are  also  worse.  V/ith  a  twofold  exccin;  cf  di- 
cKane  dibromide,  however,  we  succeeded  in  obtaining  2,4-dibromoaniline  in  respectable  yield. 

2 .  A  new  iodinating  .  agent  —  the  complex  of  dioxane  with  iodine  chloride 

None  of  the  existing  methods  of  iodination  is  really  satisfactory  for  the  iodination  of  acidophobic  compounds.  In 
searching  for  a  simple  and  convenient  method  of  direct  iodination  of  acidophobic  compounds,  we  tried  out  some  com  ¬ 
plexes  of  dioxane  in  the  iodination  of  active  aromatic  compounds  (i^ienols)  and  of  some  accessible  substances  with 
heterocyclic  structures  (indole  and  2-methylindole).  An  attempt  to  iodin&te  phenol  and  6-naphthol  with  dioxane 
diiodide,  described  by  A.  E.  Favorsky  [41  was  unsuccessful.  Reaction  likewise  failed  to  take  place  between  0-naphthol 
and  the  complex  of  dioxane  with  iodine  bromide  [5].  Finally  we  employed  the  complex  of  iodine  ohloride  with  dioxane 
for  the  purpose  of  iodination.  This  substance  with  the  composition  C4Hg02*  ICl  forms  beautiful  orange  crystals  [5]  with 
m.p,  55-58*,  readily  soluble  in  organic  solvents.  In  water  and  on  standing  in  the  air.  dioxane- iodine  chloride  gradually 
decomposes.  Wo  did  not  isolate  this  reagent  in  the  free  state  but  prepared  it  immediately  before  reaction  by  mixing 
dioxane  with  iodine  chloride.  The  procedure  for  iodination  did  not  differ  from  that  for  bromination  with  dioxane  di- 
bromide.  With  the  help  of  dioxane -iodine  chloride,  iodinations  were  effected  of  phenol,  g-naphthol  and  salicylic  acid 
and  the  monoiodo  -  derivatives  were  obtained  in  high  yields,  Iodination  of  resorcinol  by  the  usual  procedure  leads  to 
triiodoresorcinol,  but  in  presence  of  sodium  bicarbonate  we  succeeded  in  obtaining  monoiodoresorcinol.  Evidently 
under  the  usual  conditions  the  initially  formed  monoiodoresorcinol  dispro  portion  ate  s  in  presence  of  hydrogen  chloride 
according  to  the  scheme: 

OH  OH  OH 


I  I 

In  the  literature  there  is  actually  reported  [6]  a  similar  reaction  of  monoidoresorcinol  dimethyl  ehter  under  the  ac¬ 
tion  of  a  series  of  reagents  including  a  solution  of  hydrogen  chloride  in  ether. 

In  ethereal  solution  indole  is  resinified  by  dioxane -iodine  chloride;  in  pyridine,  however,  the  reaction  proceeds 
smoothly  widi  formation  of  3-iodoindole.  T-Rlethylindole  is  also  successfully  iodinated  to  3-iodo-2-methylindole. 
3“Methylindole  does  not  iodinate  under  these  conditions  nor  under  the  action  of  iodine  (when  the  3-methylindole  is 
in  alkali  solution  [7]),  N-8"Dicyanoethylindole  is  likewise  not  iodinated  by  dioxane-iodochloride. 

EXPERI  MENTAL 

1.  Bromination  of  toluene.  To  9.5  g  toluene  was  added  dioxane  dibromide  prepared  from  15.1  g  bromine  and  a 
slight  excess  of  dioxane.  At  room  temperature  the  reaction  does  not  take  place  to  an  appreciable  extent.  Heating 
(35-40*)  of  the  reaction  mixture  caused  rapid  decolorization  and  separation  of  hydrogen  bromide. 'The  mixture  was 
run  into  107:  NaOH  solution  and  the  resultant  heavy  oil  was  extracted  with  ether;  the  ethereal  solution  was  washed  with 
water  and  dried  with  calcium  chloride.  Distillation  gave  16;8  g  product  with  b.  p,  182  184*;  cooling  with  snow  and  ■  '  s 
salt  caused  the  substance  to  solidify  to  easily  fusible,  v/hite  crystals  with  m. p.  26-2'7*(l>-brjmotoluene  has, m.p.  28.5*). 

2.  Bromination  .of  naphthalene.  6.4  g  naphthalene  was  mixed  with  crystalline  dioxane  dibromide  prepared  from  8g 
bromine.  The  resultant  mixture  quickly  became  liquid  and  then  became  decolorized.  The  reaction  mixture  was  washed 
with  water  and  extracted  with  ether.  The  ethereal  layer  was  dried  with  calcium  chloride  and  fractionally  distilled.  Af¬ 
ter  redistillation  a  product  was  obtained  (7.5g)  with  b.p.  148-150*  (22  mm),  np  1.6574,  which  agrees  with  the  constantsof 
1  -  bromona  phthal  ene . 

3.  Bromination  of  2-methylnaphthalene.  7.1  g  2- methylnaphthalene  was  brominated  with  dioxane  dibromide,  pre¬ 
pared  from  8  g  bromine,  as  described  above.  8.8  g  substance  was  isolated  with  b.p,  164-165*  (16  mm).  139  -140*  (7  mm) 
nf5  1.6496,  corresponding  to  l-bromo-2-methylnaphthalene. 


li 
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4.  Bromination  of  fluorene.  From  1.66  g  fluorene  and  2.5  g  dioxane  dibromide  was  obtained  (after  pouting  the  re¬ 
action  mixture  into  water)  2.45  g  2-broniofluorene  with  m.  p.  1 1C -111*  (from  alcohol). 

Employment  of  a  twofold  excess  of  dioxane  dibromide  and  moderatg  heating  (40-50*)  of  the  reaction  mixture  to  in¬ 
duce  decolorization  gave  2,7-dibromofluorene  in  quantitative  yield  with  m.p.  165-166*  (from  alcohol). 

5.  Bromination  of  anthracene.  1.78  g  anthracene  vas  brominated  in  anhydrous  dioxane  widt  dioxane  dibromide  pre¬ 
pared  from  0.6  ml  bromine,  by  heating  to  65-70*  on  a  water  bath.  After  decolorization,  the  mixture  was  poured  into 
water  and  the  crystals  were  recrystallized  from  alcohol;  the  melting  point  of  the  yellow  crystals  was  99-99.5*,  corres¬ 
ponding  to  9-bromoanthracene,  The  yield  of  the  recrystalUzed  product  was  quantitative. 

Employment  of  a  twofold  excess  of  dioxane  dibromide  under  the  same  conditions  gave  a  quantitative  yield  of  9, 

1  0-dibromoanthracene  with  m.p.  224-225*  (from  xylene). 

6.  Bromination  of  furan.  4.2  g  furan  was  brominated  in  dioxane  solution,  while  cooling  with  snow,  by  gradual 
addition  of  a  solution  of  16  g  dioxane  dibromide  in  dioxane.  The  resultant  transparent  solution  was  poured  into  a  solu¬ 
tion  of  sodium  carbonate  and  the  oil  which  separated  was  steam-distilled.  The  distillate  was  extracted  with  ether.  The 
ethereal  extract  was  dried  with  anydrous  magnesium  sulfate  and  carefully  fractionated.  Yield  7  g  2-bromofuran  with 
b.p.  103-104*  and  n^  1.4980,  in  agreement  with  the  literature  data. 

7.  Bromination  of  sylvan.  16.4  g  sylvan  was  brominated  with  50  g  dioxane  dibromide  in  ether-dioxane  solution 
at  0*.  The  solution  was  thoroughly  washed  with  water,  alkali  and  again  with  water,  and  dried  with  anydrous  magnesium 
sulfate;  the  ether  was  cautiously  distilled  off.  The  residue  contained  a  heavy  oil  with  a  pleasant  odor  which  in  15-20 
minutes  suddenly  and  violently  decomposed  with  evolution  of  hydrogen  bromide  and  formation  of  a  black  resin.  All 
attempts  to  isolate  the  oil  in  the  pure  state,  apply  steam  distillation,  were  unsuccessful;  on  heating,  the  oil  instant¬ 
aneously  decomposed. 

8.  Bromination  of  indole.  0.59  g  indole  was  brominated  in  ether  solution  at  0*  by  addition  in  small  portions  of 
a  solution  of  dioxane  dibromide  (from  0.256  ml  bromine)  in  ether.  The  reaction  mixture  was  washed  with  sodium  bi¬ 
carbonate  solution,  and  with  water  and  dried  with  anydrous  sodium  sulfate.  After  evaporation  of  the  ether,  a  residue  of 
silver  white  leaflets  of  3-bromoindole  was  obtained;  m.p.  67*  (with  decomp.)  from  ligtoine.  The  leaflets  quickly  dark¬ 
ened  when  kept.  Yield  0.59  g  (60®/o  of  the  original  indole). 

9.  Bromination  of  2-methylindole.  1.31  g  2-methylindole  was  brominated  with  2.5  g  dioxane  dibromide  in  a  simi¬ 
lar  manner  to  indole  to  give  1,68  g  3-bromo-2-methylindole  with  m.p.  86-87*  (from  ligroine);  a  mixed  test  with  a  sam¬ 
ple  of  3-bromo-2-methylindole  prepared  by  bromination  of  2-methylindole  with  chloramine  T  and  potassium  bromide 
[■8]  did  not  give  a  depression. 

10.  Bromination  of  3-methylindole.  0.65  g  3-methylindole  was  brominated  with  1,25  g  dioxane  dibromide  in 
the  same  manner  as  indole.  Evaporation  of  the  ether  from  the  dried  ethereal  layer  left  0.70  g  crystalline  product  with 
m.p.  77*  (with  decomp,  from  ligroine)  .  After  keeping  for  a  short  period  (1-2  hours),  however,  the  product  darkened 
and  decomposed.  We  were  consequently  unable  to  obtain  precise  analytical  data:  the  C.  H  and  Br  contents  of  the  pro- 
duct  varied  sharply  in  the  course  of  analyses  of  a  single  sample.  From  the  results  of  the  first  determination  die  brom¬ 
ine  content  is  about  4,(f]o\  the  composition  is  close  to  that  of  a  monobromo-  derivative  (bromine  content  38.6^). 

11.  Bromination  of  2,5-dimeth^-3-carbethoxpyrrole,  To  1.67  g  2,5 -dimethyl -3- carbethoxypyrrole  in  15  ml 
dioxane  was  inttoduced  little  by  little  2.5  g  dioxane  dibromide  at  room  temperature.  The  color  changed  to  brown¬ 
ish-violet,  The  reaction  mixture  was  poured  into  water,  and  the  precipitate  was  collected,  washed  with  water  and 
recrystallized  from  aqueous  alcohol.  Yield  2,4  g  with  m.p.  130*  (on  rapid  heating);  on  slow  heating  the  product  de¬ 
composes  and  blackens  at  104*. 

4.110  mg  sub.:  6.625  mg  CO2:  1.850  mg  Hp-,  1.335  mg  Br.  5.400  mg  sub.;  8.710  mg  C(^;  2.450  mg  H^O;  1.755 
mg  Br.  Found  %:  C  43.99.  44.03;  H  5.04.  5.08;  Br  32.48,  32.50.  CjHijOjNBr.  Calculated  %:C  44.10  H  4.94  Br  32.61. 


2,5-Dimethyl-3-carbethoxy-4-bromppyrrole  was  here  prepared  for  the  first  time. 

12.  Bromination  of  2-acetyl pyTrole.  3.6  g  2-acetylpyrrole  was  brominated  in  30  ml  dioxane  at  room  tempera¬ 
ture  with  9.5  g  dioxane  dibromide.  The  mixture  was  poured  into  water  and  the  precipitate  filtered  and  dried  to  give 
3.5  g  bromo-2-acetylpyrrole  with  m.p.  108*  (with  decomp.). 

9.025  mg  sub.:  0.552  ml  Nj  (21*.  761  mm).  5.465  mg  sub.:  0.340  ml  (21*.  761  mm).  Found  %  N  7.11. 

7.23.  CsHgONBr,  Calculated^:  N  7,45.  5,575  mg  sub.:  7.853  mg  COj;  1.580  mg  H^O;  2.404  mg  Br.  4.270  mgsub.: 
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6.027  mg  COi;  1.290  mg  HjO;  1.825  mg  Br.  Founder  C  38.44,  38.52  H  3.17,  3.30;Br  43.01,  42.72  .  CeHgONBr.  Cal¬ 
culated  C  38.33;  H  3.22;  Br.  42.51. 

We  did  not  establish  the  structure  of  bromo-2-acetylpyrrole. 

13.  Bromination  of  2,4-dimethyl-3-carbethoxypyrrole.  Bromination  with  2.5  g  dioxane  dibromide  in  dioxane  at 
room  temperature  gave  5-bromo-2,4-dimethyl-3-carbethoxy  pyrrole.  Yield  95%.  m.p.  96*  (from  alcohol). 

14.  Bromination  of  2,4-dimethyl-5-carbethoxypyrrole.  Procedure  as  before.  A  quantitative  yield  of  3-bromo-2, 
4-dimethyl-5-carbethoxypyrrole  was  o  tained;  m.p.  150-151*  (from  alcohol). 

15.  Bromination  of  thiophene.  3.36  g  thicphene  was  brominated  in  ether  solution  with  7.5  g  dioxane<dibromide 
while  stirring  and  cooling  with  water;  after  working  up  as  usual,  fractionation  gave  6.5  g  2-bromothiophene  with  b.p. 
43-44*(15  mm),  ng  1.5868. 

16.  Bromination  of  acetanilide.  To  a  solution  of  1.35  g  acetanilide  in  dioxane  was  added  2.5  g  dioxane  dibromide. 
The  mixture  quickly  decolorized.  After  pouring  into  water,  2,1  g  p-bromoacetanilide  was  obtained  with  m.p.  167-168® 
(from  alcohol), 

17.  Bromination  of  N,N-dimethylaniline.  To  a  solution  of  12.1  g  N,N-dimethylaniline  in  acetic  acid  was  added 
25  g  dioxane  dibromide  in  1-2  g  portions  with  shaking;  the  solution  quickly  decolorized.  The  mixture  was  run  into  a 
large  volume  of  dilute  alkali  and  an  oil  separated  out  which  soon  crystallized  after  treatment  with  water.  Yield  2  g 
4-bromo-N,N-dimethylaniline,  m.p,  55-56*  (from  aqueous  alcohol)  , 

18.  Bromination  of  aniline.  To  a  solution  of  9.3  aniline  in  acetic  acid  was  added  50  g  dioxane  dibromide  in  the 
manner  described  above.  The  darkened  solution  was  run  into  dilute  alkali.  The  precipitate  was  collected,  washed  with 
water  and  recrystallized  from  aqueous  alcohol.  Yield  14.5  g  product  with  m.p.  79-80*  (2,4-dibromoaniline), 

19.  lodination  of  phenol.  To  a  solution  of  3  g  phenol  in  30  ml  carbon  tetrachloride  was  gradually  added  a  mix¬ 
ture  of  4.9  g  iodine  chloride  and  5  ml  dioxane.  After  1  1/2  hours  the  mixture  was  washed  with  sodium  carbonate  so¬ 
lution  and  dried  with  fused  potassium  carbonate.  The  oil  remaining  after  evaporation  of  the  solvent  crystallized  on 
rubbing  in  presence  of  water.  Yield  5,1  g  monoiodoplienol  (mixture  of  o-  and  p-isomers).  Pure  p-iodophenol  with 

m.p.  93*  was  isolated  by  fractional  precipitatitxi  with  carbon  dioxide  gas  from  a  solution  of  the  iodophenol  in  iO%NaOh  . 

20.  lodination  of  salicylic  acid.  To  a  solution  of  1.8  g  salicylic  acid  in  5  ml  dioxane  was  added  with  stirring  a 
solution  of  2.1  g  iodine  chloride  in  3  ml  dioxane.  The  next  day  the  mixture  was  poured  into  sodium  sulfate  and  3  g  5- 
iodosalicylic  acid  was  obtained  with  m.p.  192*  (from  aqueous  alcohol). 

21.  lodination  of  fl-naphthol.  To  a  solution  of  1.4  g  g-naphthol  in  5  ml  ether  was  added  a  mixture  of  1.5  g 
iodine  chloride  and  2  ml  dioxane.  Working  up  in  the  usual  way  gave  2.4  g  l-iodo-2-naphthol  with  m.p.  94.5*(from 
dilute  alcohol). 

22.  lodination  of  resorcinol.  To  1.65  g  resorcinol  in  20  ml  ether  was  added  a  solution  of  2.4  g  iodine  chloride  in 
5  ml  dioxane  and  10  ml  ether.  Working  up  was  carried  out  as  usual  after  1  hour.  Evaporation  of  the  ether  left  a  poorly 
crystallizing  oil  which  crystallized  after  treatment  with  water  and  standing.  Yield  1.2  g  2,4,6 -triiodoresorcinol  with 
m.p.  144*. 

1.3  g  resorcinol  was  iodinated  in  20  ml  ether  in  presence  of  2  g  sodium  bicarbonate  powder  with  a  mixture  of  1.5 
g  iodine  chloride  and  5  ml  dioxane.  The  usual  treatment  followed  by  evaporation  of  the  ether  gave  2.15  g  oil  which 
slowly  (in  the  course  of  several  weeks)  crystallized.  The  crystals  had  m.p.  60*;  after  standing  in  the  air  the  melting 
point  rose  to  93*.  Due  to  the  high  solubility  of  the  substance  in  water  and  organic  solvents,  it  could  not  be  tecrystall- 
ized.  According  to  the  literature,  4-iodoresorcinol  crystallizes  with  one  molecule  of  water  and  the  monohydrate  has 
m.p.  63*;  on  standing  in  the  ait  the  water  is  lost;  the  melting  point  of  the  anhydrous  preparation  is  100*  [9]. 

23.  lodionation  of  indole.  To  a  solution  of  0 .6  g  indole  in  5  ml  pyridine  was  added,  with  stirring  and  snow  cool¬ 
ing,  a  mixture  of  0.85  g  iodine  chloride  and  5  ml  dioxane.  The  resultant  solution  was  poured  into  water  and  extracted 
with  ether,  'Evaporation  of  the  ether  left  1.2  g  3-iodoindole  with  m.p.  75*  (with  decomp.;  from  ligroine). 

24.  lodination  of  2-methylindole.  0,5  g  2-methylindole  was  iodinated  with  a  mixture  of  0.65  g  iodine  chloride 
and  5  ml  dioxane  under  the  conditions  of  iodination  of  indole.  Yield  0.65  g  3-iodo-2-methylindole  with  m.p.  81,5® 
(from  ligroine). 
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SUMMARY 


1.  Dioxane  dibromide  is  a  mild  brominating  agent  for  a  series  of  aromatic  hydrocarbons  and  amines,  thiophene, 
and  some  derivatives  of  pyrrole  and  indole. 

2.  A  new  method  of  iodination  is  proposed  with  the  help  of  the  dioxane-iodine  chloride  complex  and  is  applied 
to  phenols  and  some  indoles. 

LITERATURE  CITED 

[1]  L.  A.  Yanovskaya,  A.  P.  Terentyev  and  L.  1.  Belenky,  J.  Gen.  Chem. ,  22,  1594  (1952)  (T.p.  1635).* 

[2]  A.  A.  Yanovskaya  and  A.  P.  Terentyev.  J.  Gen.  Chem.,  22,  1598  (1952).  (T.  p.  1639)*. 

[3]  C.  Price,  C.  Weaker,  J.  ’Am.  Chem.  Soc.,  61,  3360  (1939). 

[4]  A.  E.  Favorskaya,  J.  Russ.  Chem.  Soc.,  38,  741  (1906). 

[5]  H.  Rheinboldt,  R.  Boy,  J.  Pr.  Ch.,  129,  273  (1931). 

[6]  H.  Meerwein,  P.  Hoffman,  F.  SchiU,  J  Pr.  Ch.,  154,  266  (1939). 

,  [7]  H.  Pauly,  K.  Gundermann,  Ber.,  41,  4006  (1908). 

[8]  L.  A.  Yanovskaya  and  L.  I.  Belenky,  Herald  (vestnik)  Moscow  State  Univ.,  No,  8,  89  (1949). 

[9]  M.  V.  Likhosherstov  and  B,  I.  Tsimbalist,  J.  Gen.  Chem.,  3,  177  (1933). 

Received  January  28,  1954  Moscow  State  University 


*  T.p,  =  C.  B. Translation  paginatiMi, 


1255 


THE  STRUCTURE  OF  PALUSTROL 


N.  P.  Kiryalov 


Palustrol,  a  saturated  tertiary  tricyclic  alcohol  of  the  composition CisH^jO  was  firstfl]  isolated  from  the  essential 
oil  of  the  marsh  rosemary  (Ledium  palustre  L.), 

Not  long  ago  investigations  [1,  showed  diat  palustrol  belongs  to  the  group  of  azulene-forming  sesquiterpene  alcohols 
since  bn  heating  with  dehydrogenating  agents  (S,  Se,  Pd)  palustrol  readily  forms  a  blue  liquid  containing  1,4-dimethyl- 
7-isopropylazulene  (picrate  with  m.p.  121-122*), 

It  is  also  important  to  note  that  on  heating  with  acids  (H2SO4.  HCl,  HCOOH)  palustrol  is  dehydrated  with  facility  to 
form  bicyclic  or  tricyclic  hydrocarbons  with  the  formula  Ci5H24,  which  justifies  the  assumption  diat  palustrol  belongs  to 
the  group  of  tertiary  tricyclic  alcohols.  As  the  investigations  showed  [1,  2\  under  mild  dehydration  conditions  palustrol 
splits  off  water  with  formation  of  tricyclic  hydrocarbons  containing  one  double  bond,  while  under  more  drastic  conditions 
dehydration  leads  to  more  far-reaching  modification  involving  scission  of  the  cyclopropane  ring  (the  presence  of  a  cyclo¬ 
propane  ring  was  demonstrated  by  physical  methods  and  by  the  reactions  of  the  compound)  and  formation  of  bicyclic  hy¬ 
drocarbons  with  two  double  bonds. 

On  comparing  the  above-mentioned  results  of  investigation  of  palustrol  with  what  is  known  about  the  chemical  pro¬ 
perties  of  ledol  [3,  4],  we  see  that  palustrol  and  ledol  are  almost  identical  in  their  behavior  toward  acids  or  dehydrogen¬ 
ating  agents.and  that  they  form  very  similar  or  identical  products  of  reaction.  These  facts  suggest  a  similarity  of  struc¬ 
ture  of  both  these  compounds,  although  palustrol  and  ledol  possess  different  physical  properties  (Table  1), 

TABLE  1 


Compound  ' 

Formula 

i  Boiling  point  1 

azo 

D 

i  i 

Melting  point 

Odor 

Palustrol 

Ledol 

i 

C15H26O 

^15^26^ 

276-278* 

i  282-283*  , 

-17* 

+5* 

Liquid 

105-106.5* 

Musty  odor 

Nearly  odorless 

The  results  of  a  further  study  of  palustrol  described  in  the  present  paper  confirm  the  similarity  between  the  structures 
of  palustrol  and  ledol.  This  facilitates  the  elucidation  of  the  structure  of  palustrol  since  that  of  ledol  is  already  known 
[4]  and  corresponds  to  structural  formula  (I), 

Palustrol  was  isolated  from  marsh  rosemary  oil  and  dehydrated,  and  the  resultant  tricyclic  hydrocarbons,  palustrenes 
[probable  structures  (III)  and  (IV)],  were  oxidized.  Oxidation  gave  two  crystalline  substances  ~  ledic  acid  [m.p. 

155-156*:  probable  structure  (V)]  and  ledglycol  Ci5H2g02  [m.p,  151-152*;  probable  structure  (VI)].  These  derivatives 
were  previously  found,  as  reported  [3.  4],  among  the  products  of  oxidation  of  ledene.-  The  yield  of  ledglycol  and  ledic 
acid  on  oxidation  of  the  mixture  of  palustrenes,  however,  differs  considerably  from  the  yield  of  these  compounds  after 
oxidation  of  the  mixture  of  ledenes.  Thus  the  oxidation  of  a  mixture  of  ledenes  gave  40-5(y7<»  ledglycol  and  1-2^  ledic 
acid,  whereas  oxidation  of  the  mixture  of  palustrenes  gave  only  20-30%  ledglycol  (or  in  the  most  favorable  case  25^) 
and  l-\0PIo  ledic  acid.  It  should  be  observed  that  the  low  yield  of  ledglycol  on  oxidation  of  palustrenes  may  be  explain¬ 
ed  to  a  certain  extent  by  the  fact  that  \b-20%  of  the  ledglycol  could  not  be  crystallized  from  the  products  of  oxidation. 
The  presence  of  ledglycol  in  tl’e  mother  liaur>r  of  the  oxidation  pro<lucts  could  be  inferred  from  our  isolation  frem  the 
mother  liquor  of  ;in\msaturated  ketone  -  2, 5 -dimethyl-8 -isopropyl-1 -octalone  (VIII)  -  the  product  of  dehydration 

of  ledglycol  in  an  acidic  mediunv  which  is  accompanied  by  rearrangement  [4], 

Originally  we  suggested  that  specimens  of  palustrol  at  our  disposal  and  used  for  the  investigation  (Table  2)  contain 
a  considerable  amount  of  ledol  as  impurity  (  of  the  order  of,  say.  50 'j),  since  only  a  very  high  content  of  ledol  in  pal¬ 
ustrol  could  entitle  us  to  say  that  the  results  of  oxidation  of  palustrenes  were  not  determined  by  the  structure  of  palus¬ 
trol.  To  verify  this  hypothesis,  various  samples  of  palustrol  (Table  2)  were  subjected  to  cooling  (to-€0*)  and  to  frac¬ 
tional  distillation.  Neither  method  gave  indication  of  the  presence  of  considerable  amounts  of  ledol  in  the  investi  - 
gated  samples  of  palustrol.  The  presence  of  traces  or  even  small  amounts  (up  to  l-2‘"'')  ledol  in  the  sample  of  palus¬ 
trol  is  certainly  possible.  The  separation  of  the  impurities  by  physical  methods,  however,  was  extremely  difficult 
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and  was  not  of  material  importance  for  the  present  investigation.  It  was  important  to  establish  that  the  main  products  of 
o\i  iationofp-ilustrTnc'-itfroni  p?lu  trol)  were  identical  with  the  products  of  oxidation  of  ledenes  (from  ledol). 

Bearing  in  mind  that  dehydration  of  palustrol  was  performed  under  conditions  similar  to  those  of  dehydration  of 
ledol  and  that  no  double  bond  translocations  were  observed  on  distillation  of  palustrenes  (  palustrenes  form  identical 
crystalline  products  before  and  after  distillation,  i.  e.  ledic  acid  and  ledglycol),  it  is  reasonable  to  assume  that  the 
hydroxyl  group  of  ledol  and  palustrol  is  attached  to  the  same  carbon  atom.  Palustrol  consequently  differs  from  ledol 
in  that  palustrol  is  either  a  levorotatory  optical  isomer  of  ledol  or  a  levorotatory  diastereomer  of  ledol.  We  hold  to 
the  view  that  palustrol  is  a  levorotatory  diastereomer  of  ledol  because  the  rotatory  power  of  ledol  is  [a]p  +5*; 

Op  +  5*  (c  =  10;  in  alcohol),  whereas  palustrol  has  flp  “  17*=' (+ 0.4*). 

On  the  assumption  that  ledol  has  structure  (I),  we  may  suggest  structure  (II)  for  palustrol;  this  differs  from  (I)  only 
in  the  spatial  position  of  the  hydroxyl  group. 


On  the  basis  of  structure  (II)  we  may  suggest  that  dehydration  of  palustrol  gives  mainly  a  -  and  B -palustrenes 
[probable  structures  (III)  and  (IV)];  y  -palustrene  [possible  structure  (VII)]  is  not  formed.  Oxidation  of  6  -palustrene 
gives  ledic  acid  (V),  while  a  -palustrene  gives  ledglycol  (VI). 
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The  possibility  of  formation  of  hydrocarbons  (III)  and  (IV),  and  also  of  compounds  (V)cn;l  (VI)  has  already  been  indi¬ 
cated  [3,  4]. 

On  the  basis  of  a  comparison  of  the  sttuctural  formulas  of  a  -  and  6 -palustrenes  with  those  of  o  -  and  6 -ledenes 
[4]  we  may  conclude  that  they  are  identical  and  that  the  names  of  the  hydrocarbons  are  synonymous.  This  conclusion 
is  obvioudy  correct  because  ledglycol  and  ledic  acid  prepared  by  oxidation  of  ledenes  or  palustrenes  possess  the  same 
sign  and  magnitude  of  rotation. 

TABLE  2 


Properties  of  the  palustrol  used  in  the  investigation 


Specimen  number 

d|o 

— 

— 

— 

Boiling  point 

percent  alcohol  by 
the  Chugaev- 
Zerewitinov  method 

1 

0.9593 

1.4911 

-16.9*(18*3 

123-126*  (  2  mm) 

99.4 

2 

3.9615 

1.4914 

-16.5(18*) 

128-131  (  3  mm) 

99.6 

3 

3.9588 

1.4917 

-16.65  (21*) 

127-131  (2-3  mm) 

96.87 

4 

0.9643 

1.4916 

-17.1  (25.5*) 

130-132  (  3  mm) 

101.2 

5 

0.9593 

1 .4908 

-17.35  (20*) 

127-131  (  3  mm) 

99.0 
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EXPERIMENTAL 


Specimens  of  palustrol  (Table  2)  were  obtained  from  marsh  rosemary  oil  by  the  previously  described  procedure  [2]. 

Palustrol  was  additionally  characterized  by  the  determination  of  its  Raman  spectrum.  A  ISP-51  spectrograph  was  used; 
the  light  source  was  a  quartz- mercury  lamp  (excited  by  die  \  4358.3  A  line);  width  of  slit  0.007  mm;  period  of  exposure 
3  hours. 

The  Raman  spectrum  of  palustrol  contains  the  following  lines  ( A|/  in  cm"^):  261  (5).  295  (1),  332  (2X  444(10), 

475  (2),  508  (2).  636  (IX  706  (10),  757  (5),  790  (10),  827  (2),  870  (4X  977  (10),  1094(1X  1242  (5),  1304  (1),  1342  (1), 
1441-1454  (10).  * 

Behavior  of  palustrol  at  low  temperatures 

1.  On  cooling  to -60*  palustrol  is  transformed  into  a  vitreous  mass  which  becomes  liquid  at -40*. 

2.  An  alcohol  solution  (1:3)  of  palustrol  changes  into  a  slurry  at  -55*  but  again  forms  a  transparent  solution  at 
-43*.  Ledol  does  not  separate  on  rapid  filtration  at  the  pump  at  low  temperatures.  Introduction  into  a  cooled  solution 
of  palustrol  of  a  small  crystal  of  ledol  does  not  cause  crystallization  and  the  crystal  remains  undissolved. 

3.  1  g  ledol  and  2  g  palustrol  were  dissolved  in  5  ml  80‘7o  ethyl  alcohol  and  the  solution  was  cooled  to -15*;  the 
ledol  (1  g)  separated  unchanged. 

Dehydration  of  palustrol 

40  g  palustrol  was  dissolved  in  80  ml  96%  alcohol  and  run  into  a  solution  of  4  ml  sulfuric  acid  in  8  ml  alcohol. 

The  mixture  was  heated  to  the  boil;  when  the  liquid  had  become  cloudy,  gentle  heating  was  maintained  for  eight 
minutes.  The  upper  oily  layer  (40  ml)  was  separated,  washed  with  water,  dried  with  sodium  sulfate  and  distilled  at 
5-6  mm  over  Na.  Two  fractions  were  obtained:  1st-  b.p.  up  to  130*,  29  g;  2nd  —  b.p.  130-135*,  5.3  g.  The  first 
fraction  was  redistilled  over  Na  to  give  a  colorless  oil  wi  th  b.p.  112-115*  (5  mm).  Yield  about  25  g. 

ng  1.4978,  d|g  0.9207 

Found  %:  C  88.06;  H  11.72.  C15H24.  Calculated  %:  C  88.16;  H  11.84. 

In  properties  the  oil  closely  resembles  the  hydrocarbon  palustrene  [2]. 

Dehydrogenation  of  palustrene 

3  g  palustrene  and  2  g  selenium  were  heated  to  240-255*  for  3  hours.  The  mixture  quickly  became  violet.  The  oil  was 
distilled  with  steam  and  dissolved  in  low-boiling  gasoline  and  the  azulene  was  extracted  with  90%  phosphoric  acid.  The 
phosphoric  acid  extract  was  diluted  with  water  and  the  separated  oil  was  extracted  with  ethyl  ether.  The  ethereal  solu¬ 
tion  was  dried  with  sodium  sulfate  and  the  ether  distilled  off.  The  residue  was  a  violet  oil,  wei^t  about  0.2  g .  To  this 
oil  was  added  a  saturated  alcoholic  solution  of  picric  acid  (0.2  g).  A  picrate  was  obtained  in  the  form  of  dark  needles 
with  m.p.  121-122*  (after  three  recrystallizations  from  alcohol).  The  picrate  didinotgive  adepression  in  a  mixed  test 
with  the  picrate  of  l,4-;iimethyl-7-isopropylazulene.  The  picrate  of  the  product  of  dehydrogenation  of  ledene  is 
known  to  have  m.p.  122-123*  and  does  not  differ  from  the  picrate  of  1,4- dimethyl -isopropylazulene  [4].  The  previously 
prepared  [2]  picrate  with  m.p.  118-119*  was  evidently  insufficiently  pure. 

Oxidation  of  palustrene 

20  g  palustrene  was  dissolved  in  700  ml  acetone  and  to  the  solution  was  gradually  added  a  solution  of  potassium 
permanganate  (30  g  KMnO^Jn  300  ml  water).  After  decolorizaticn  of  the  solution,  the  manganese  dioxide  was  filtered 
off  and  washed  with  acetone  and  hot  water.  The  acetone  was  distilled  off,  the  supernatant  oily  layer  was  collected  and 
the  aqueous  layer  was  extracted  with  ether.  Acidification  of  the  aqueous  solution  gave  a  voluminous  precipitate.  M.p. 
155-156*  (from  aqueous  alcohol);  [a]p  +  127*.  The  substance  did  not  give  a  depression  in  a  mixed  melting  test  with 
ledic  acid  of  the  composition  015112403,  prepared  by  oxidation  of  ledene  [3].  Yield  1.4-2  g  (i.e.  up  to  10%  of  the  origi¬ 
nal  hydrocarbon). 

Found%:  C  71.44;  H  9.55.  C15H24O3.  Calculated  %:  C  71.39;  H  9.58. 

The  ethereal  solution  was  dried  with  sodium  sulfate  and  the  ether  was  distilded  off  to  leave  a  partly  crystallizing 
oil.  The  crystalline  portion  had  m.p.  151-152*  (from  gasoline);  [tt]p  —18.2*  (c  =  5;  in  alcohol).  The  product  did  not 
give  a  depression  of  melting  point  in  admixture  with  a  pure  pre  paration  of  ledglycol  [3].  Yield  4g  (apjxrox.  20%). 

Found  %:  C  75.52;H  11.08.  Cisl^eOi-  Calculated  %:  C  75.58;  H  10.99. 

In  addition  to  ledic  acid  and  ledglycol,  14.85  g  liquid  products  of  oxidation  was  obtained.  From  the  liquid  portion 

4  ml  volatiles  was  distilled  off  with  steam.  Into  the  residue  of  non-steam-distillable  oxidation  products  was  run 
*  Ihe  figures  in  brackets  refer  to  the  intensities  of  the  lines  as  visually  evaluated. 
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sulfuric  acid  in  such  quantity  that  the  solution  had  2%  concentration;  the  steam  distillation  was  then  resumed.  About  4  ml 
dark-red  liquid  was  collected.  B.p.  130-145*  (3  mm),  n^  1.5080,  d^2o  0.9742.  The  liquid  was  crude  5-dimethyl- 

8-isopropyl-l-octalone  (VIII),  as  was  confirmed  by  the  following  two  reactions. 

1.  1  g  substance  in  admixture  with  1  g  selenium  was  heatSd  to  the  boil  (260-280*)  for  4  hours.  A  substance  was  ob¬ 
tained  with  i/J)®  1.532  and  forming  a  picrate  with  m.p.  130-131*  (from  alcohol).  The  picrate  did  not  give  a  depression 
in  a  mixed  melting  test  with  the  picrate  of  the  unsaturated  2,5-dimethyl-8-isopropyl-l-tetralone  [4]. 

2.  Oxidation  of  3  g  of  the  oil,  dissolved  in  150  ml  acetone,  with  potassium  permanganate  (3  g  KMn04  in  50  ml 
water)  gtive  2.5  g  neutral  (;;>art-.'  lly  crysta Hiring)  products  of  oxidation  containing  about  0.6  g  pure  substance  with  m.p. 
180-182*  (from  gasoline).  This  substance  did  not  give  a  depression  in  a  mixed  melting  test  with  the  known  ketoglycol 
with  the  formula  C15H6O3  (m.p.  183-185*)  previously  prepared  by  oxidation  of  A®’*-2,5-dimethyl-8-isopropyl-l-octalone. 

SUMMARY 

Evidence  is  adduced  to  show  that  palustrol  is  the  levorotatory  diastereomer  of  ledol. 
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